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(54) Organic EL display device and method of nnanufacturing 



(57) To provide a high throughput film deposition 
means tor film depositing an organic EL material made 
of polymer accurately and without any positional shift, A 
pixel portion is divided into a plurality of pixel rows by a 
bank, and a head portion of a thin film deposition appa- 
ratus is scanned along a pixel row to thereby simultane- 
ously apply a red light emitting layer application liquid, a 



green light emitting layer application liquid, and a blue 
light emitting layer application liquid in stripe shapes. 
Heat treatment is then performed to thereby form light 
emitting layers luminescing each of the colors red, 
green, and blue. 
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Description 

5 1. Field of the Invention 
[0001] 
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matenal) sandwiched between an anode and a cathode thl^ t Lum,nescence)(hereinafter referred to as organic EL 
ing an electronic device (electronic eauiom^nn h»»i.. .i: : l'"™^'' °" ^ to a method of manufactur- 

2. Description of the Related Art 

play devre ,s a se,f-en.issive type, it does not need a bScTs 'ch ^'^rT''^"^' P^^^^^ing. Since the EL dis- 
because the viewing angle of EL display devices is wiS f ^ """"^ '^'^P'^V d^^i^e. Furthermore 

equipment for use outdoor. ^ '"^'^^^ ^ P^^^^'^d as a prospective display portion of mobS 

[0003] There are two types of EL disDl H 

™tn< typel Developments lor bom t/~s « TZiHl '^^ '"I 9cli«e tyo. (aoS» 

m,,* a *p,ay device cuireoiv LSTltrR:"'!;:' « Pe*„la?IS 
EL malenals M high molecular organic EL LterilkTr,^^; "'"S maoe on low molecular organic 

' tenning a iigh. emWng layer which c1„ he f" "3=™= EL mateZT 

. ^..oo proper ^ 

gUMMARY OF THF l^/\/F^n-fr^^| 

p/a=or,m~-r-- 

emitting layei^ are fom,ed into stripe shapestv all T characterized in that red. green and blue liaht 

stripe Shapes include a long and na^o^rTZn:^^^^^^^^^^^ ^^P^^'- ^P-L. .t'is to be 

ellpse havmg the r^tio of major axis and minor ax^earfo P ^ ^ °^ S"^"'"^- ^ '°"3 3"=* "arrow 

present invention is shown in Fig. i ^'^ *° ^ or greater. The thin film deposition apparatus of the 

pn^ugS^lrpSirr^^^^^^^ --.on Of an organic HL materia, made 

r^yVpiLTty^?-^^^^^^^^^^ 

connected to the gate side driver circuit n 3 "^Tpfx° A tSTh ^'^^t^"" """'^ ^ ^ P'"'-'^ °f 9^' ^ni 

Sr-^^e-efl^™^^^^ 

rrefe.dtoasared.htemitting,^^ — 
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luminescing green and a solveni (hereinafter referred to as a green light emitting layer application liquid); and 1 14c 
denotes a mixture of an organic EL material luminescing blue and a solvent (hereinafter referred to as a blue light emit- 
ting layer application liquid). Note that a polymer is the organic EL material for these application liquids, and that there 
is a method of directly dissolving a polymerized material into the solvent for application, or a method of performing ther- 
5 mal polymerization to a material, which is formed by dissolving monomer in a solvent and then by performing film dep- 
osition, to form a polymer. Whichever method may be used in the present invention. An example of applying an organic 
EL material processed into a polymer and dissolved in a solvent is shown here. 

[0010] In the case of the present invention, the red light emitting layer application liquid 1 14a, the green light emit- 
ting layer application liquid 1 14b. and the blue light emitting layer application liquid 1 1 4c are separately discharged from 
70 the thin film deposition apparatus and applied in the direction indicated by the arrow. In other words, in a pixel row that 
will luminesce red, a pixel row that will luminesce green, and a pixel row that will luminesce blue, stripe shape light emit- 
ting layers (strictly a precursor of a light emitting layer) are simultaneously formed. 

[0011] Note that the pixel row referred here indicates a row of pixel partitioned by a bank 121 that is formed on the 
upper part of the source wiring. That is, a row composed of a plurality of pixels lined up in series along the source wiring 
T5 is called a pixel row. A case where the bank 121 is formed on the upper part of the source wiring was explained here, 
but it may also be provided on the upper part of the gate wiring. In this case, a row composed of a plurality of pixels 
lined up in series along the gate wiring is called a pixel row. 

[0012] Accordingly, the pixel portion 1 1 1 can be viewed as an assembly of a plurality of pixel rows divided by the 
stripe shape bank provided on the upper part of the plurality of source wirings or gate wirings. When the pixel portion 

20 is viewed as such, it can also be said that the pixel portion 1 1 1 is made up of a pixel row in which a stripe shape light 
emitting layer luminescing red is fomned, a pixel row in which a stripe shape light emitting layer luminescing green is 
formed, and a pixel row in which a stripe shape iight emitting layer luminescing blue is formed. 
[001 3] Further, since the above-stated stripe shape bank is provided on the upper part of the plurality of source wir- 
ings or plurality of gate wirings, substantially, the pixel portion 1 1 1 can also be viewed as an assembly of a plurality of 

25 pixel rows partitioned by the source wirings or the gate wirings. 

[0014] Next, shown in Fig. 1 B is the state of a head portion (may also be referred as a discharge portion) of the thin 
film deposition apparatus when the application process illustrated in Fig. 1 A is performed. 

[0015] Reference numeral 115 denotes a head portion of the thin film deposition apparatus with a nozzle 1 1 6a for 
the red color, a nozzle 1 1 6b for the green color, and a nozzle 1 1 6c for the blue color attached thereto. Furthenmore, the 
30 red light emitting layer application liquid 1 14a, the green light emitting layer application liquid 11 4b, and the blue light 
emitting layer application liquid 1 1 4c are stored inside the respective nozzles. A pipe 1 1 7 filled up with inert gas is pres- 
surized to thereby discharge these application liquids to the pixel portion 111. The head portion 1 1 5 is scanned in a per- 
pendicular direction along a defined space toward the front of the drawing thereby performing the application process 
illustrated in Fig. 1A. 

35 [0016] Note that the head portion is stated as being scanned throughout the present specification. In practice, the 
substrate is moved in a vertical or horizontal direction by the X-Y stage. Thus, the head portion is relatively scanned in 
a vertical or horizontal direction on the substrate. Of course, the substrate can be fixed so that the head portion itself 
conducts the scanning. From the viewpoint of stability, however, a method of moving the substrate is preferred. 
[0017] Fig. 1C is a diagram showing an enlarged view of the vicinity of the discharge portion denoted by the refer- 

40 ence numeral 1 1 8. The pixel portion 1 1 1 formed on the substrate 1 1 0 is an assembly of a plurality of pixels composed 
of a plurality of TFTs 11 9a to 119c and a plurality of pixel electrodes 120a to 120c. In Fig. IB, when the nozzles 11 6a 
to 116c are pressurized by inert gas. application liquids l14a to n4c will be discharged from the nozzles 1 16a to 1 1 6c 
due to this pressure. 

[0018] Note that the bank 121 formed of a resin material is provided in the space between pixels to prevent the 
45 application liquid from mixing into a space between pixels. In this structure, the width of the bank 121 (determined by 
the resolution of photolithography) is made narrow so that the integration degree of the pixel portion is increased, and 
therefore, high definition images can be attained. In particular, it is effective in the case in which the viscosity of the 
application liquids is 1 to 30 cp. 

[0019] However, if the viscosity of the application liquid is 30 cp or more, or if the application liquid is in the form of 
50 sol or gel, then it is possible to omit the bank from the structure. In other words, as long as the angle of contact between 
the application liquid after it has been applied and the application surface is large enough, the application liquid will not 
spread out more than necessary. Therefore, the provision of the bank for preventing the application liquid from spread- 
ing out more than necessary is not required. In this case, the final shape of the light emitting layers will be formed into 
an oval shape (a long and narrow ellipse wherein the ratio of the major axis and the minor axis is 2 or greater), typically 
55 a iong and narrow ellipse extending from one end of the pixel portion to the other end thereof. 

[0020] As resin materials for forming the bank 121 , acrylic, polyimide, polyamide. and polyime amide can be used. 
If carbon or black pigment or the like is provided in these resin materials in advance to make the resin materials black, 
then it is possible to use the bank 121 as a light shielding film between pixels. 
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5° 6? and ; 16C 'l^r^'f ' "'"^''^y^ ^ "9^' ^^"^^^^^ 'he tip of any one of the nozzles 1 1 6a 

ppm or less) s"-^" = ™»l slem.nt and an ac«al.n. metal slemem lo 0. 1 ppm or less (preferaby o.oi 

It » desiibla ttiK^I «h,™ SonT»,?.il ^- ^'^"'"^ ^9- ' To be mors spedfc. 

»■« inert gas sj^ l^S^Z^'J^^l 3?^^"'""^ ^ -=*'™<" » i.oo.h 

rr~a~S~ 

BRIEF DFSCRIPTIDN) nPTHE DRAWlMf^g 
[0027] In the accompanying drawings: 

fS Ta TJl7"^^a^7J'°'''"' "^"'^"^ configum«on. respectively, of the pixel portion; 

Rn!' Ia ^^°'««"9 manufacturing processes of an EL display device; 

S' 6^ to Ic IZ T^"^ T""'"^ manufacturing processes of an EL display device; 
Fgs. 6A to 6C are diagrams showing manufacturing processes of an EL display device- 
l-ig. 7 IS a diagram showing an external view of an EL display device- 
Fig. S is a diagram showing the circuit blocl< structure of an EL display device- 
Fig. 9 IS an enlarged diagram of the pixel portion- 

rL' ?^ ^ ^^"""^^ "''^'^'^ °^ ^ ^^'"P""9 circuit of an EL display device- 

m^rE^ CiSicT - ~lonal^.Tuct:rr;espective,y. of an 

s^a^TnCr.:?^^^^^^^^ 

no Ib -I ^ S"^ t'^'"^ ^ cross-sectional structure of a passive type EL display device- 

ngs 1 7A to 7cTe'diZr" T'""'T °' '"mention; 

Ros 8A to Sf^w- ^ l ''*""^ arrangement of nozzles in the head portion; 

fL i ll in , 0B ^^"^"^ 'P^^'^''^ ^''^"^P'^^ °^ ^'^'^^^^"ic equipment; 

higs. 1 9A ano 19B are diagrams showing specific examples of electronic equipment; 
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Fig. 20 is a diagram showing a cross-sectional structure of an active matrix EL display device; 
Figs. 21 A and 21 B are diagrams showing a bonding process of a substrate; 
Figs. 22A and 22B are diagrams showing. a dividing process of a substrate; 
Fig. 23 is a diagram showing a cross-sectional structure of an active matrix EL display device; 
5 Figs. 24A to 24C are diagrams showing compositions of a pixel of an EL display device; and 

Figs. 25A and 258 are diagrams showing a structure of a current control TFT and a composition of a pixel, respec- 
tively. 

DETAILED DESCRIPTION OF THE PREFERRFD EMBODIMENTS 

70 

Embodiment Mode 

[0028] Some embodiments of the present Invention will be described with reference to Figs. 2. 3A and SB. Fig. 2 
shows a cross-sectional view of a pixel portion in an EL display device in accordance with the present invention. Fig. 

75 3A shows a top view of the pixel portion, and Fig. 38 shows the circuit configuration thereof. In an actual structure, pix- 
els are an^nged in a plurality of lines to be in matrix, thereby forming a pixel portion (image display portion). Fig. 2 illus- 
trates a cross-sectional view taken along the line A-A' in Rg. 3A. Accordingly, the sam^e components are commonly 
designated by the same reference numerals in both of the figures, and it will be advantageous for understanding the 
structure to make reference to both of the figures. In addition, the two pixels illustrated in the top view of Fig. 3A have 

20 the same structure. 

[0029] In Fig. 2, reference numeral 11 denotes a substrate, and 12 denotes a base insulating film (hereinafter 
refen-ed to as the base film). As the substrate 11. a glass substrate, a glass ceramic substrate, a quartz substrate, a 
silicon substrate, a ceramic substrate, a metal substrate, or a plastic substrate (including a plastic film) can be used' 
[0030] fn addition, the base film 12 is especially advantageous for a substrate including mobile ions or a substrate 
25 having conductivity, but does not necessarily have to be provided for a quartz substrate. As the base film 12, an insu- 
lating film containing silicon may be used. In the present specification, the "insulating film containing silicon" refers to 
an insulating film containing silicon and oxygen or nitrogen at a predetenmined ratio, and more specifically, a silicon 
oxide film, a silicon nitride film, or a silicon oxide nitride film (represented as SiOxNy.) 

[0031] It is advantageous to provide the base film 12 with a heat radiation function to dissipate heat generated in a 
30 TFT in order to prevent a TFT or an EL element from deteriorating. The fieat radiation function can be provided by any 
known material. 

[0032] In this example, two TFT s are provided in one pixel. A TFT 201 functions as a switching element (hereinafter 
refen-ed to as the switching TFT), and a TFT 202 functions as a cun-ent controlling element for controlling an amount of 
cument to flow through the EL element (hereinafter referred to as the current control TFT) Both of the TFTs 201 and 

35 202 are made of the n-channel TFT. 

[0033] Since the n-channei TFT has a field effect mobility higher than that of the p-channel TFT. the n-channel TFT 
can operate at higher speed and accept a large amount of current. Furthemnore, a current of the same amount can flow 
through the n-channei TFT of smaller size as compared to the p-channel TFT Accordingly, it is preferable to use the n- 
channef TFT as the current control TFT since this results in an increased effective luminescence surface area of the 

40 display portion. 

[0034] The p-channei TFT has advantages, e.g.. in which the injection of hot cariers becomes hardly a problem 
and an OFF current value is small. Thus, it has been already reported the structures in which the p-channel TFT is used 
as the switching TFT or the current control TFT. However, in the present invention, the disadvantages in connection with 
the injection of hot carriers and a small OFF current value can be overcome even in the n-channel TFT by providing the 
45 an^ngement of LDD regions. Thus, it is also possible that all of the TFTs in the pixel are made of the n-channel TFTs. 
[0035] However, the present invention is not limited to the case where the switching TFT and the cun-ent control 
TFT are made of the n-channel TFTs. It is possible to use the p-channel TFT as both or either of the switching TFT and 
the current control TFT. 

[0036] The switching TFT 201 is formed to have a source region 1 3, a drain region 1 4, an active layer including LDD 
50 regions 1 5a to I5d. a high concentration impurity region 1 6 and channel forming regions 1 7a and 1 7b, a gate insulating 
film 1 8. gate electrodes 1 9a and 1 9b, a first interiayer insulating film 20, a source wiring 21 . and a drain wiring 22. 
[0037] In addition, as shown in Figs. 3A and 38. the gate electrodes 1 9a and 1 9b are electrically connected to each 
other by means of a gate wiring 21 1 which is made of a different material (that has a lower resistivity than the gate elec- 
trodes 19a and 19b), thereby forming a double-gate structure. It is of course possible to employ, not only the double- 
55 gate structure, but also the so-called multi-gate structure (a structure including an active layer, which contains two or 
more channel forming regions, connected in series) such as a triple-gate structure. 

[0038] The multi-gate structure is significantly advantageous for decreasing OFF current value. In accordance with 
the present invention, a switching element having a low OFF current value can be realized by providing the switching 
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element 201 in the pixel with the multi-gate structure. 

£TLal J".^SiiSr' ? °' ' ^^"^"■^""ductor film that includes a crystalline structure. This may 
^L ZnJJ^ T semiconductor film, a poVcn^stalline semiconductor film, or a microcrystalline semiconductor 

5 t ie f^^ Srf t °' '"'"'^^'"^ '^^"'^'"'"S ^'l'^^-- Furthemn^e. any kind of conduc- 

5 tive films can be used as the gate electrode, the source wiring, or the drain wiring 

mS,T 1 . '^''^ ^ "^'"^"'^ " ='9"'^*'=3"«y advantageous for reducing an OFF current value 

10041] For reducing the OFF current value, it is further preferable to provide an offset region (which is made of a 

semiconductor layer having the same composition as the channel fom^lng regions and that a gate vlge iTnTt Ip^ed 

S'T"""" --^^ ^^9'°"^- - Of the mum-gate 

loion. 9^^«/'«ctrodes. the high concentration impurity region deposed between the channel form^g 

regions is effective for reducing the OFF current value. 

u^hL ^ TTTJ^''^-!^^ ^"^'"ent'y lowered « the multi-gate structure TFT is 

,^ ^TaZJr 'J ^^^'^^^ ^ ^'^^ '^"^"t value means that the voyage applied to 

IH '^Tr "''"^""'^ ^ -P^'^^or for holding an electric po^entia" 

and ^ one of Jig. 2 d«closed in Japanese Patent Application Laid-open No. Hei 10-189252 can be made smaller- 

IZILTT^"^"" ^^^^'^ '"^'"^'"'"^ '^'^ -"^^^ °^ --"^ oontrol TFT until the nexi^ 

^ S "^f,"; '^^.^""-^"^ oontrol TFT 202 is formed to have a source region 31, a drain region 32. an active layer 
20 ncluding an LDD region 33 and a channel fom^ing region 34, a gate insulating fl^ 1 8. a gate electrode 35 a fl ^ inTer 

ToZT^ 20. asource Wiring 36. and a drain wiring 37. Although thi illustrated gate electrode 35 has mel- 

gle-gate structure, it may have the multi-gate structure. 

[0044] As shown in Fig. 2. a drain of the switching TFT 201 is connected to a gate of the current control TFT 202 
More speaficall^the gate electrode 35 of the current control TFT202 is electrically connected to^ dra^ragToTu of 

I'Silt .0?^ " ^ '^^^"'^ ^" ^"^ount of current to be injected into the EL 

o ™nf f, T^' TT""'^ deterioration of the EL element, it is not preferable to allow a large amount 

» the rniln^nl rmn ' '° "''"^^^'^ "^"^"^ through the current contro TFT 2^2 

o 2 i^rlSl^iV r^'^"^ ^^''3"'' '° •^"Sth (L) is designed to be 0.5 

to 2 (preferably, 1 to 1 .5 ^m) long per pixel. » ^ / y 

frM..MMrnHt'*''K^''T?."f°"^'^ description, as shown in Rg. 9, the channel length LI (where 

Of th\ curreii coL?^^^^^ °' ""'''^'^''^^ "'^ '^"9^^ ^"<^ *^ ^^'nnel wlith W2 

of the current control TFT are preferably set as follows: W1 is in the range from 0.1 to 5 ^m (typically. 0.5 to 2 urn)' W2 
5 s ,n the range from 0.5 to 10 (typically. 2 to 5 ^xm); LI is in the range from 0.2 to 18 Jm (typically 2 to 15 S and 

fTl w ^! '^"^I" '° '^^^'^ ^'^'^^'"9 "TPT 201 is set in the range from 0 5 to 

3.5 fim, typically in the range from 2.0 to 2.5 pm. a «■ ' 

" drailf L.inn^? fJTl "^"f. ^ '^^'^'^ '-D'^ ^«3ion 33 >s provided between the 

dra^ region 32 and the channel fomiing region 34 in the current control TFT 202, and part of the LDD region 33 over- 
laps the gate electrode 35 through the gate insulating film 18. y o u c. 

Shi. !h "^T ''f ''^ '° ""PP'y " '^^^"^ "'^•^■'"9 the EL element 204 luminesce, it is 

preferable that steps are taken against deterioration due to hot earner injection as shown in Fig 2 

' LnT '° °^ '""^ '^"^'^"^ «tf«^'^e to torm the LDD region so that it over- 

iS^^r^rrhl ' r '^'^ ^^^^ ^^^^'^P^ 9ate electrode suppresses hot carrier 

injection, and the region that does not overlap the gate electrode prevents OFF cun-ent value 

tZlL n T-,f °*r' ° '"^'^'^ ''^^ sate electrode, may be made from 0.1 to 3 pm (preferably 

. er.SroH , ;k 1 nn '^^^ ^"^^'^'"9 "-DD region that does not overlap the gate 

moS? J ? t '-^^ ""^^ "^^'^ ^ ^° -^"^ (P^^f«^t)ly between 1 .5 and 2.0 urn) 

Sf^iinn h L * '? "'^ ' capacitance (also refen-ed to as a gate capacitance), which' is fomied in 

^LlSZTfr T ^"'^ ^'^^^ "^^^'^ 9^te electrode via the gate insulating film 

Zl7^^X lZ"%"^Tr' '""'"^'"'"9 ^" '^^^^^J- the present embodiment the 

^eo?on T T?. > " '° "^^'^"^ ^ S"'" capacitance between the gate electrode 35 and the LDD 

2 in ? ""^^^^T^^ "^^^ ^ ^ capacitorfor maintaining electric potential, such as the one shown in Fig 

2, disclosed m Japanese Patent Application Laid-open No Hei 10-189252 

fu^P^?„rh f tH ' T ^ ^ 'P^^'" forming the capacrtor wrth a struc- 

ture such as the present embodiment, it is possible to fom, the capacitor for maintaining electric potential on an 
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extremely small area, and it becomes possible to increase the effective luminescence surface area of the pixel (surface 
area that can extract light emitted from the EL element). 

[0054] The carrier (electrons in this case) flow direction is always the same for the current control TFT 202. and 
therefore It Is sufficient to fonm the LDD region on only the drain region side as measures against hot camiers. 
[0055] From the view point of Increasing a possible amount of cun-ent to flow, it is also effective to increase film 
thickness of the active layer (in particular, a thickness at the channel forming region) of the current control TFT 202 
(preferably In the range from 50 to 100 nm, and more preferably in the range from 60 to 80 nm). On the other hand, in 
the case of the switching TFT 20 1 , from the view point of reducing an OFF current value, it is also effective to decrease 
ftim thickness of the active layer (in particular, a thickness at the channel forming region) of the current control TFT 202 
(preferably in the range from 20 to 50 nm, and more preferably in the range from 25 to 40 nm.) 
[0056] Further, In the present embodiment, the cun-ent control TFT 202 is shown as a single-gate structure. How- 
ever, it may also be a multi-gate structure composed of a plurality of TFTs connected in series. Furthermore, the current 
control TFT may also be a structure in which the plurality of TFTs is connected in rows (parallel) to substantially divide 
the channel fonning region into a plural number of regions, thereby performing highly effective heat radiation. Such 
structure is effective as a measure against deterioration due to heat. 

[0057] Next, reference numeral 38 denotes a first passivation film, and its film thickness may be formed to between 
10 nm to 1 iim (preferably between 200 and 500 nm). An insulating film containing silicon (particularly a silicon oxide 
nitride film or a silicon nitride film is preferred) can be employed as a material for this film. Furthermore, it is effective to 
fomi the first passivation film 38 to have a high thermal radiation effect. 

[0058] A second interlayer insulating film 39 (a leveling film) formed on the first passivation film 38 performs the lev- 
eling of a stepped portion that are formed by the TFT An organic resin ftim is preferable as the second interlayer insu- 
lating film 39, and one such as polyimide. polyamide, acrylic, or BC8 (benzocyciobutane) may be used. An inorganic 
film may. of course, also be used, provided that sufficient leveling Is possible. 

[0059] The leveling of a stepped portion in the TFT by the second interlayer insulating fiim 39 is extremely impor- 
tant. The EL layer formed aftenward is very thin, and therefore there are cases in which poor luminescence is caused 
by the existence of a stepped portion. It is therefore preferable to perform leveling before forming a pixel electrode so 
as to be able to form the EL layer on as level a surface as possible. 

[0060] Reference numeral 40 denotes a pixel electrode (EL element cathode) made from a highly reflective con- 
ductive film. After opening a contact hole (an opening) in the second interlayer insulating fiim 39 and In the first passi- 
vation film 38, the pixel electrode 40 is formed so as to be connected to the drain wiring 37 of the current control TFT 
202 in the fonned opening portion. It is preferable to use low resistant conductive films such as aluminum alloy and cop- 
per alloy as the pixel electrode 40. Of course, it may also be a laminate structure with other conductive films. 
[0061] A light emitting layer 42 is fomned by a device such as the thin film deposition apparatus explained in Rg. 1 . 
It is to be noted that although only one pixel is illustrated in the drawing, light emitting layers corresponding to the 
respective colors R (red), G (green), and B (blue) are simultaneously fonned. A high molecular material is used for the 
organic EL material as the light-emitting layer. Polymers such as the following can be given as typical high molecular 
materials: polyparaphenylene vinylene (PPV)-based material: polyvinyl cartoazole (PVK)-based one; and potyflu- 
orenes-based one. 

[0062] Note that there are various types of PPV-based organic EL material. A molecuiar formula such as the follow- 
ing has been reported. (H.Shenk, H.Becker, O.Gelsen, E.KIuge, W.Kreuderans H.Spreitzer, "Polymers for Light 
Emitting Diodes", Euro Display, Proceedings, 1999, pp. 33-37) 




Compound 2 



Compound 1 



[0063] Further, the molecular formula of polyphenytene vinylene disclosed in Japanese Patent Application Laid- 
open No. 10-92576 can be used. The molecular formula becomes as follows: 
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Compound 3 



Compound 4 
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CH=C H- 




C H = C H- 



75 [0064] Further, as a molecular formula of a PVK-based organic EL material, the,B is one such as the following. 

Compound 5 
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irn«S. PI f ^'^^ '^o'^c^'s^ EL material can be performed by dissolving the high molecular 

,T.n? K ' ^ ^ ^ '^'^^'^'"S '^'gh molecular organic EL material in a 

«I " ' "^'^ '"'^ P=>'y^«ri2ation. In the case of applying it in the monomer 

a M^fr ^ " ^"""^'^ '^^^^ treatment is performed in vacuum to thereby polymerize it into 

E^inn ! ^ =y3"0-P^aPhenylene vinylene may be used for the light emitting layer 

luminescing a redcolor; a paraphenylene vinylene forthe light emitting layer luminescing a green color; and a poLhe- 
S'lr r °' " ^y'P^«"y'«"« the light emitting layer luminescing a blue ?olor. The film ihickness ^ the 
hght emrtting layers may be fom^ed to between 30 and 150 nm (preferably between 40 and 100 nm) 
£ t? r J""^"!'' substance (typically coumarln 6. rublene, Nile Red. DCM. quinacridon. etc.) is doped 

nto the light emitting layer to transfer the fluorescent substance to the center of luminescence , and therefore a desired 
luminescence may be obtained. Any known fluorescent substance may be used 

I00S8] However, the above examples are onty some examples of organic EL materials which can be used as the 
light emitting layer of the present invention, and there is absolutely no need to limit the EL material to these In the 
present invention, a mijure of an organic EL material and a solvent is applied by using the method illustrated in Rg. 1 
7,'^ " t'^^^^^'y ^^°^^9 the solvent to fomi a light-emitting layer. Therefore, during the votetili- 

TZr ■ °* type Of organic EL materials that do not exceed the glass transWon tern- 

perature of the light emitting layer may be used. 

[0069] Chtorofomi dichloromethane, rbutyl lactone, butyl cellosolve, or NMP (fM-methyl-2iDyrrolidone) are cited as 
typical solvents. It is also effective to add a dopant for raising the viscosity of the application liquid 
[0070] Furthemiore. when forming the light-emitting layer 42. the treatment atmosphere is a dry atmosphere with 
as smal amount of moisture as possible, desirably, carrying out the formation in an inert gas atmosphere. Degradation 
of the EL layer is easjy caused by the presence of moisture and oxygen. Therefore, when fomiing the EL layer it is nec- 
essary to eliminate these factors as much as possible. For instance, preferably in atmospheres such as a dry nitrogen 
flf^ h!>^tH ?K f,^^,^;f°" atmosphere. In order to do this, the thin film deposition apparatus of Fig. 1 is installed in 

^!hT. T 1 '"^'^ " ^^^'^'"^ ^^"^^ deposition process of the light emitting layer be car- 

ried out m this atmosphere. » r « 

[0071] If the light emitting layer 42 is fomied in the above-mentioned manner, a hole injection layer 43 will be fomied 
next. The present embodiment mode uses polythiophene (PEDQ-O or polyaniline (PAni) as the hole injection layer 43 
Since these matenals are water-soluble, the light emitting layer 42 can be fomied without dissolving, and its film thick- 
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ness may be 5 to 30 nm (preferably 10 to 20 nm) 

[0072] An anode 44 made from a transparent conductive film is provided on the hole injection layer 43. In the case 
of the present embodiment mode, light produced by the light emitting layer 42 is emitted tov^ards the upper side surface 
(in a direction towards the top of the TFT). Thus, the anode must have light transmitting characteristics. A compound of 
5 indium oxide and tin oxide and a compound of indium oxide and zinc oxide can be used as the transparent conductive 
film. However, because the transparent conductive film is formed after the formation of the light emitting layer and the 
hole injection layer, which are low in heat resistance, materials which can be formed into films at as low a temperature 
as possible are preferable. 

[0073] The EL element 203 is completed at the point the anode 44 is formed. Note that the EL element 203 referred 
10 to here designates a capacitor formed of the pixel electrode (cathode) 40. the hole injection layer 43, the light emitting 
layer 42, and the anode 44. As shown in Fig. 3, since the pixel electrode 40 almost coincides with the surface area of 
the pixel, the entire pixel functions as the EL element. Accordingly, the utility efficiency of luminescence is extremely 
high, making it possible to display brighter images. 

[0074] Further, in the present embodiment mode, the pixel electrode 40 is formed so that its structure is that of a 
15 cathode. Therefore, lights generated by the light emitting layer are all emitted to the anode side. However, contrary to 
the structure of this EL element, it is also possible to form the pixel electrode so that its structure is that of an anode 
made of a transparent conductive film. In this case, since lights generated by the light emitting layer are also emitted to 
the anode side, light Is observed from the substrate 1 1 side. 

[0075] In the present embodiment mode, a second passivation film 45 is further provided on the anode 44. As the 
20 second passivation film 45, a silicon nitride film or a silicon oxide nitride film is preferable. The purpose of this is to shield 
the EL element from the outside, and has two meanings of which one is to prevent the organic EL material from deteri- 
oration due to oxidation, and the other is to suppress the leakage of gas from the organic EL material. Hence, the reli- 
ability of the EL display device can be increased. 

[0076] The EL display device of the present invention has a pixel portion containing a pixel with a structure as 
25 shown in Fig. 2, and TFTs having different structures in response to their functions are arranged in the pixel. A switching 
TFT having a sufficiently low OFF cunrent value, and a current control TFT which is strong with respect to hot earner 
injection can be formed within the same pixel, and an EL display device having high reliability and which is capable of 
good image display (high operating performance) can thus be formed 

[0077] It is to be noted that although the structure of a planar TFT was shown in the present embodiment mode as 
3D an example using a top gate TFT, a bottom gate TFT (typically a reverse stagger TFT) may also be used. The present 
invention is characterized by the film deposition method of the organic EL element, and the stnjcture of the TFT to be 
an^r>ged in the pixel is not limited. 

Embodiment 1 

35 

[0078] The embodiments of the present invention are explained using Figs. 4A to 6C. A method of simultaneous 
manufacture of a pixel portion, and TFTs of a driver circuit portion fonried In the periphery of the pixel portion, is 
explained here. Note that In order to simplify the explanation, a CMOS circuit is shown as a basic circuit for the driver 
circuits. 

40 [0079] Rrst. as shown in Rg. 4A, a base film 301 is formed to a thickness of 300 nm on a glass substrate 300. Sil- 
icon oxide nitride films are laminated as the base film 301 in Embodiment 1. At this point it is appropriate to set the 
nitrogen concentration to between 10 and 25 wt% in the film contacting the glass substrate 300. In addition, it is effec- 
tive that the base film 301 has a thermal radiation effect, and a DLC (diamond-like carbon) film may also be provided. 
[0080] Next, an amorphous silicon film (not shown in the figures) is formed with a thickness of 50 nm on the base 

45 film 301 by a known deposition method. Note that it is not necessary to limit this to the amorphous silicon film, and 
another film may be formed provided that it is a semiconductor film containing an amorphous structure (including a 
microcrystalline semiconductor film). In addition, a compound semiconductor film containing an amorphous structure, 
such as an amorphous silicon germanium film, may also be used. Further, the film thickness may be made from 20 to 
100 nm. 

50 [0081] The amorphous silicon film is then crystallized by a known technique, fomning a crystalline silicon film (also 
referred to as a polycrystalline silicon film or a potysilicon film) 302. Thermal crystallization using an electric furnace, 
laser annealing crystallization using a laser light, and lamp annealing crystallization using an infrared lamp exist as 
known crystallization methods. Crystallization is performed in Embodiment 1 using an excimer laser light, which uses 
XeCI gas. 

55 [0082] Note that pulse emission excimer laser light formed into a linear shape is used in Embodiment 1, but a rec- 
tangular shape may also be used, and continuous emission argon laser light and continuous emission excimer laser 
light can also be used. 

[0083] In this embodiment, although the crystalline silicon film is used as the active layer of the TFT, it is also pos- 
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sib!e to use an amorphous silicon film. 

[0084] Note that it is effective to form the active layer of the switching TFT, in which there is a necessity to reduce 
the off current, by the amorphous silicon film, and to form the active layer of the current control TFT by the crystalline 
sihcon film. Electric current flows with difficulty in the amorphous silicon film because the carrier mobility is low and the 
off current does not easily flow. In other words, the most can be made of the advantages of both the amorphous silicon 
film, through which cun-ent does not flow easily, and the crystalline silicon film, through which current easiiy flows. 
[0085] Next, as shown in Rg. 4B. a protective film 303 is formed on the crystalline silicon film 302 with a silicon 
oxide fiim having a thickness of 130 nm. This thickness may be chosen within the range of 100 to 200 nm (preferably 
between 130 and 170 nm). Furthemnore, other films may also be used providing that they are insulating films containing 
silicon. The protective film 303 is formed so that the crystalline silicon film is not directly exposed to olasma during addi- 
tion of an impurity, and so that rt is possible to have delicate concentration control of the impurity. 
[0086] Resist masks 304a and 304b are then formed on the protective film 303. and an impurity element, which 
imparts n-type conductivity (hereafter refen-ed to as an n-type impurity element), is added. Note that elements residing 
in periodic table group 1 5 are generally used as the n-type impurity element, and typically phosphorous or arsenic can 
15 be used. Note that a plasma doping method is used, in which phosphine (PH3) Is plasma activated without separation 
of mass, and phosphorous is added at a concentration of 1x10^^ atoms/cm^ in Embodiment 1. An ion implantation- 
method, in which separation of mass is performed, may also be used, of course. 

[0087] The dose amount is regulated so that the n-type impurity element is contained in n-type impurity regions 305 
and 306. thusfonrned by this process, at a concentration of 2x10^^10 5x10^^ atoms/cm^ (typically between 5x10^^ and 
20 5x10^^atoms/cm^). 

[0088] Next, as shown in Fig. 4C. the protective film 303 is removed, and an activation of the added n-type impurity 
elements is perfomned. A known technique of activation may be used as the means of activation, but activation is done 
in Embodiment 1 by inadiation of excimer laser light. Of course, a pulse emission excimer laser and a continuous emis- 
sion excimer laser may both, be used, and it is not necessary to place any limits on the use of excimer laser light The 
25 goal is the activation of the added impurity element, and it is preferable that in-adiation is performed at an energy level 
at which the crystalline silicon film does not melt. Note that the laser imadiation may also be performed with the protec- 
tive film 303 in place. 

[0089] The activation by heat treatment (furnace annealing) may also be performed along with activation of the 
impurity element by laser light. When activation is performed by heat treatment, considering the heat resistance of the 

30 substrate, it is good to perform heat treatment on the order of 450 to 550^C. 

[0090] A boundary portion (connecting portion) with end portions of the n-type impurity regions 305 and 306 
namely regions, in which the n-type impurity element is not added, on the periphery of the n-type impurity regions 305 
and 306. is delineated by this process. -Riis means that, at the point when the TFTs are later completed, extremely good 
connecting portion can be formed between LDD regions and channel forming regions. 

35 [0091] Unnecessary portions of the crystalline silicon film are removed next, as shown in Fig. 4D, and island shape 
semiconductor films (hereafter referred to as active layers) 307 to 31 0 are formed. 

[0092] Then, as shown in Fig. 4E. a gate insulating film 31 1 is fomied. covering the active layers 307 to 310. An 
Insulating film containing silicon and with a thickness of 1 0 to 200 nm, preferably between 50 and 1 50 nm, may be used 
as the gate insulating film 311. A single layer structure or a lamination structure may be used. A 110 nm thick silicon 

<o oxide nitride film is used in Embodiment 1 . 

[0093] Thereafter, a conductive film having a thickness of 200 to 400 nm is formed and pattemed to form gate elec- 
trodes 312 to 316. In the present embodiment, the gate electrodes and wirings (hereinafter referred to as the gate wir- 
ings) electrically connected to the gate electrodes for providing conductive paths are fonned of different materials from 
each other. More specifically, the gate wirings are made of a material having a lower resistivity than the gate electrodes. 

45 Thus, a material enabling fine processing is used for the gate electrodes, while the gate wirings are formed of a material 
that can provide a smaller wiring resistance but is not suitable for fine processing. It is of course possible to form the 
gate electrodes and the gate wirings with the same material. 

[0094] Although the gate electrode can be made of a single-layered conductive film, it is preferable to form a lami- 
nation film with two, three or more layers for the gate electrode if necessary. Any known conductive materials can be 

50 used for the gate electrode. It should be noted, however, that it is preferable to use such a material that enables fine 
processing, and more specifically a material that can be pattemed with a line width of 2 nm or less. 
[0095] Typically, it is possible to use a film made of an element selected from tantalum (Ta). titanium (Ti). molybde- 
num (Mo), tungsten (W). chromium (Cr), and silicon (Si), a film of nitride of the above element (typically a tantalum 
nitride film, tungsten nitride film, or titanium nitride film), an alloy film of combination of the above elements (typically 

>5 Mo-W alloy or Mo-Ta alloy), or a silicide film of the above element (typically a tungsten silicide film or titanium silbide 
film). Of course, the films may be used as a single layer or a laminate layer. 

[0096] In this embodiment a laminate fiim of a tungsten nitride (WN) film having a thickness of 30 nm and a tung- 
sten (W) film having a thickness of 370 nm is used. This may be formed by sputtering. When an inert gas of Xe. Ne or 
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the like is added as a sputtering gas, film peeling due to stress can be prevented. 

[0097] The gate electrodes 313 and 316 are formed at this time so as to overlap a portion of the n-type impurity 
regions 305 and 306, respectively, sandwiching the gate insulating filnn 311 . This overlapping portion tater becomes an 
LDD region overlapping the gate electrode. 

[0098] Next, an n-type impurity element (phosphorous is used in Embodiment 1 ) is added in a self-aligning manner 
with the gate electrodes 312 to 316 as masks, as shown in Fig. 5A. The addition is regulated so that phosphorous is 
added to impurity regions 31 7 to 323 thus formed at a concentration of 1/1 0 to 1/2 that of the impurity regions 305 and 
306 (typically between 1/4 and 1/3). Specifically, a concentration of ixiO^^ to 5x10^^ atoms/cm^ (typically 3x10^'' to 
3x10^® atoms/cm^) is preferable. 

[0099] Resist masks 324a to 324c are formed next, with a shape covering the gate electrodes etc., as shown in Fig. 
SB, and an n-type impurity element (phosphorous is used in Embodiment 1) is added, fomnlng impurity regions 325 to 
331 containing phosphorous at high concentration. Ion doping using phosphine (PH3) is also performed here, and is 
regulated so that the phosphorous concentration of these regions is from 1x10^^ to IxlO^*" atoms/cm^ (typically 
between 2x1 

020 

and 5x1 0^^ atoms/cm*^). 

[0100] A source region or a drain region of the n-channel TFT is formed by this process, and in the switching TFT. 
a portion of the n-type impurity regions 320 to 322 formed by the process of Fig. 5A is remained. These remaining 
regions correspond to the LDD regions 15a to 1 5d of the switching TFT in Fig. 2. 

[0101] Next, as shown in Fig. 5C, the resist masks 324a to 324c are removed, and a new resist mask 332 is formed. 
A p-type impurity element (boron is used in Embodiment 1) is then added, fomning impurity regions 333 and 334 con- 
taining boron at high concentration. Boron is added here to form impurity regions 333 and 334 at a concentration of 
3x10^ to 3x1 O^"" atoms/cm^ (typically between 5x1 0^° and 1x10^^ atoms/cm^) by ion doping using diborane (BgH^). 
[0102] Note that phosphorous has already been added to the impurity regions 333 and 334 at a concentration of 
1x1 0^° to 1x1 0^"* atoms/cm^, but boron is added here at a concentration of at least 3 times that of the phosphorous. 
Therefore, the n-type impurity regions already formed completely invert to p-type. and function as p-type impurity 
regions. 

[0103] Next, after removing the resist mask 332, the n-type or p-type impurity elements added to the active layer at 
respective concentrations are activated. Fumace annealing, laser annealing or lamp annealing can be used as a 
means of activation. In Embodiment 1, heat treatment is performed for 4 hours at 550*'C in a nitrogen atmosphere in an 
electric furnace. 

[0104] At this time, it is critical to eliminate oxygen from the sun-ounding atmosphere as much as possible. This is 
because when even only a small amount of oxygen exists, an exposed surface of the gate electrode is oxidized, which 
results in an increased resistance and later makes it difficult to form an ohmic contact with the gate electrode. Accord- 
ingly, the oxygen concentration in the surrounding atmosphere for the activation process is set at 1 ppm or less, prefer- 
ably at 0.1 ppm or less. 

[0105] After the activation process is completed, the gate wiring 335 having a thickness of 300 nm is fonried. As a 
material for the gate wiring 335, a metal film containing aluminum (A!) or copper (Cu) as its main component (occupied 
50 to 1 00% in the composition) can be used. The gate wiring 335 is arranged, as the gate wiring 21 1 shown in Figs, 3A, 
so as to provide electrical connection for the gate electrodes 314 and 315 (con-esponding to the gate electrodes 19a 
and 19b in Fig. 3A) of the switching TFT (see Fig. 5D). 

[0106] The above -described structure can allow the wiring resistance of the gate wiring to be significantly reduced, 
and therefore, an image display region (pixel portion) with a large area can be formed. More specifically, the pixel struc- 
ture in accordance with the present embodiment is advantageous for realizing an EL display device having a display 
screen with a diagonal size of 10 inches or larger (or 30 inches or larger.) 

[0107] A first tnterlayer insulating film 336 is formed next, as shown in Rg. 6A. A single layer insulating film contain- 
ing silicon is used as the first interiayer insulating film 336, while a lamination film may be used. Further, a film thickness 
of between 400 nm and 1 .5 ^m may be used. A lamination structure of an 800 nm thick silicon oxide film on a 200 nm 
thick silicon oxide nitride film is used in Embodiment 1 . 

[0108] In addition, heat treatment is performed for 1 to 12 hours at 300 to 450^*0 in an atmosphere containing 
between 3 and 100% hydrogen, performing hydrogenation. This process is one of hydrogen termination of dangling 
bonds in the semiconductor film by hydrogen, which is thermally activated. Plasma hydrogenation (using hydrogen acti- 
vated by a plasma) may also be performed as another means of hydrogenation. 

[0109] Note that the hydrogenation processing may also be inserted during the fomnation of the first interiayer insu- 
lating film 336. Namely, hydrogen processing may be perfonned as above after forming the 200 nm thick silicon oxide 
nitride film, and then the remaining 800 nm thick silicon oxide film may be formed. 

[0110] Next, a contact hole is formed in the first interiayer insulating film 336, and source wirings 337 to 340 and 
drain wirings 341 to 343 are formed. In this embodiment, this electrode is made of a laminate film of three-layer struc- 
ture in which a titanium film having a thickness of 100 nm. an aluminum film containing titanium and having a thickness 
of 300 nm, and a titanium film having a thickness of 150 nm are continuously formed by a sputtering method. Of course. 
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other conductive films may be used. 
10111] 



pnate that the thickness is made 1 to 5 um (more preferably, 2 to 4 ^m) ^ °" 

H^Bv.. o^^r^"''" u^'" °' "S'* ^^^'"9 '^y^^ ^"-^ !"j-=ti°" '^y^r is formed in Embodiment 

[0123] in the acth^e matrix substrate of the present embodiment. TFTs having optimal structures are arranged not 
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only in the pixel portion but also in the driver circuit portion, thereby indicating an extremely high reliability and increas- 
ing its operation performance. 

[0124J First, a TFT having a structure to decrease hot carrier injection so as not to drop the operation speed thereof 
as much as possible is used as an n-channef TFT 205 of a CMOS circuit fomning a driver circuit portion. Note that the 
driver circuit here includes a shift register, a buffer, a level shifter, a sampling circuit (sample and hold circuit) and the 
like. In the case where digital driving is made, a signal conversion circuit such as a D/A converter can also be included. 
[0125] In the case of Embodiment 1 , as shown in Fig. 6C. an active layer of the n-channel TFT 205 is composed of 
a source region 355, a drain region 356, an LDD region 357. and a channel forming region 358. The LDD region 357 
overlaps the gate electrode 313 via the gate insulating film 31 1 . This structure is identical to the structure of the current 
control TFT 202. 

[0126] Consideration not to drop the operation speed is the reason why the LDD region is formed at only the drain 
region side. In this n-channel TFT 205, it is not necessary to pay attention to an OFF cunrent value very much, rather, 
it is better to give importance to an operation speed. Thus, it is desirable that the LDD region 357 is made to cornpieteiy 
overlap the gate electrode to decrease a resistance component to a minimum. That is, it is preferable to remove the so- 
called offset 

[0127] Furthermore, deterioration of the p-channel TFT 206 in the CMOS circuit due to the injection of hot carriers 
is almost negligible, and thus, it is not necessary to provide any LDD region for the p-channel TFT 206. It is of course 
possible to provide the LDD region for the p-channel TFT 206, similarly for the n-channel TFT 205. to exhibit counter- 
measure against the hot earners. 

[0128] Note that, among the driver circuits, the sampling circuit is somewhat unique compared to the other circuits, 
in which a large electric current flows in both directions in the channel fomning region. Namely, the roles of the source 
region and the drain region are interchanged. In addition, it is necessary to control the value of the off current to be as 
small as possible, and with that in mind, it is preferable to use a TFT having functions which are on an intermediate level 
between the switching TFT and the current control TFT in the sampling circuit 

[0129] Accordingly, in the n-channel TFT for forming the sampling circuit, It is desirable to arrange the TFTs having 
the structure as shown in Fig. 10. As illustrated in Fig. 1 0, portions of the LDD regions 901a and 901 b overlap the gate 
electrode 903 through the gate insulating film 902. The advantages obtainable by this structure have been already 
described with respect to the current control TFT 202. In the case where the TFT is used for the sampling circuit, the 
LDD regions are disposed to interpose the channel forming region 904 therebetween, which is different from the case 
of the current control TFT. 

[0130] Note that in practice, it is preferable to additionally perfonn packaging (sealing) after completing up through 
Fig. 6C by using a highly airtight protective film which has very little gas leakage (such as a laminate film or an ultraviolet 
cured resin film) or a sealing material that Is transmissive. so that there is no exposure to the atmosphere. By making 
the inside of the sealing material an inert environment, and by placing a drying agent {for example, barium oxide) within 
the sealing material, the reliability of the EL element is increased. 

[0131] Furthermore, after the airtightness is increased by the packing processing etc., a connector (a flexible 
printed circuit, FPC) for connecting output terminals from elements or circuits formed on the substrate and external sig- 
nal terminals, is attached, completing a manufactured product. The completed manufactured product in this state of 
being able to be shipped is referred to as an EL display device (or an EL module) throughout this specification. 
[0132] Here, the structure of the active matrix EL display device of this embodiment will be described with reference 
to a perspective view of Fig. 7. The active matrix EL display device of this embodiment is constituted by a pixel portion 
702, a gate side driver circuit 703, and a source side driver circuit 704 fomned on a glass substrate 701 . A switching TFT 
705 of a pixel portion is an n-channel TFT, and is disposed at an intersection point of a gate wiring 706 connected to 
the gate side driver circuit 703 and a source wiring 707 connected to the source side driver circuit 704, The drain of the 
switching TFT 705 is connected to the gate of a current control TFT 708. 

[0133] In addition, the source of the current control TFT 708 is connected to a current supply line 709. A ground 
electric potential (earth electric potential) is imparted to the cun-ent supply line 709 in the structure such as Embodiment 
1. Further, an EL element 710 is connected to the drain of the current control TFT 708. A predetermined vottage 
(between 3 and 12 V, preferably between 3 and 5 V) is applied to the anode of the EL element 710. 
[0134] Connection wirings 712 and 713 for transmrtting signals to the driver circuit portion and a connection wiring 
714 connected to the current supply line 709 are provided in an FPC 71 1 as an external input/output terminal. 
[0135] Fig. 8 shows an example of the circuit stnjcture of the EL display device shown in Fig. 7. The EL display 
device of the present embodiment is provided with a source side driver circuit 801 , a gate side driver circuit (A) 807, a 
gate side driver circuit (B) 811 and a pixel portion 806. Note that, throughout the present specification, the driver circuit 
portion is the generic name for the source side driver circuit and the gate side driver circuits. 

[0136] The source side driver circuit 801 is provided with a shift register 802, a level shifter 803, a buffer 804, and 
a sampling circuit (sample and hold circuit) 805. The gate side driver circuit (A) 807 is provided with a shift register 808, 
a level shifter 809, and a buffer 810. The gate side driver circuit (B) 311 also has the same structure. 



13 



25 



EP 1 093 166 A2 

[0137] Here, the shift registers 802 and 808 have driving voltages of 5 to 1 6 V (typically 1 0 V) respeaivelv and the 
^aur. ,nd,cated by 205 In Rg. 5C is suitable for an n-channe. TFT used in a CMOS circuit fori^'^the Sit 

the CMOS ciSI^fn ? h'""!"' '^^^"^ ''"^"^^ 81 0. Similarly to the shift register. 

5 1 mS^oi r,Jr ' """^ ''S- ^•^^^ « ^ff^'^ti-e to make a gate wiring 

curfei v.il , r^Mn^ ! ^"^ *^ "'^ "^^^s^^ to decrease an OFF 

Zm Th. n P '""""""^ ■''^ °^ ""'S- ' ° ^ ^"^^'^ sampling circuit 805. 

S,!? ^"^^ P"'^'^ ^^^'"9 the structure shown in Fig 2 

70 ^,12... c^lT^^r^ "I"'^"''^ ^^'"y "^^""fa«""n9 TFTs in accordance with the manufaauring 

w proc^ses shown >n Figs. 4A to 6C. In this embodiment, although only the struaure of the pixel portion and the dr ver 
arrju, portion is shown. If the manufacturing processes of this embodiment are used. It is possibirto form a i^gL^c'^^ 
cuit olherthan the drn.er circuit, such as a signal dividing circuit a D/A converter circuit, an operational Zp^meZZ 

" Sng L 1 iTarld I'i B llZ'^Tl" Embodiment 1 . containing the sealing materia), is made 

rni^^i c- '^^^^ necessary, the symbols used in Figs. 7 and 8 are cited 

[0143] Fig. 1 1A IS a diagram showing the top view of a state in which the state shown in Fig 7 is provided with a 
seahng structure. Indicated by dotted lines, reference numeral 702 denotes a pixel portion, 7ol deLe7a gate side 
dr^erarcurt and 704 denotes a source side driver circuit. The sealing structure of the present inven^n is aS uctTre 
20 ,n wh«h a f.n,ng material (not shown in the figure), a cover materia 11 01 . a seal material (not shoriHe figurer^d 
a frame material 1 1 02 is provided to the state shown in Rg. 7. ^ 
[0144] Here, the crass-sectional view taken along line A-A • of Rg. 1 1 A is shown in Rg. 1 1 B It is to be noted that 
thesamereferencenumeralsareusedforthesamecomponentsinngs.11Aand1lB ' '° ""'^'^ 

701 ?ha oi^^l 'noZ 7rfJ^" V^' ^f'^' ""^ ^''^ ^'''^^^ ^ '^^^^ °" the substrate 

701 . The pixel portion 702 is formed of a plurality of pixels containing the current control TFT 202 and the pixel electrode 

CMofctu?J;r"'''' 1 ""'"^ sate side driver circu". ySt^TX 

-S T ^ «'"^Pl«'^e"tary combination of the n-channel TFT 205 and the p-channel TFT 206 

^nrtlri. ?tH ^ f ^ '""'''^"^ °f ^'^^ EL ^'^'^^"t. In add-ition. the bank 347 is formed on 

both ends o the poce electrode 346. and the light emitting layer 348 and the hole injection layer 349 are fo^e^on the 

A T °' ^'^'"^"^ ^"-^ ^'^^ ^^-^ P^^-^tion film 351 are fuSo^ned 

on the top. As explained ,n the embodiment mode of the present im^ention. the EL element may of c^u^e hTe a 
reverse structure with the pixel electrode as the anode. 

[0147] In the case of Embodiment 1 , the anode 350 also functions as a common wiring to all the p-|xels and is elec- 

piSp;rtior7ofandt oa^ T''''' elemenrconiain in 

pixe port on 702 and the gate side driver circuit 703 are covered by the second passivation film 351 The second oas 
sivation film 351 may be omitted, but it preferable to provide tnis film to shield the respectK^eXems fr^^e o"" 

no^l .n ""T ' y^'^^' ' P™"'''"' '° ^ ^ '^^^'■^^ ^'^'"^"t. The niling material 1 103 also func- 
tions as an adhesrve for gluing the cover material 11 01 . As the filling material 1 1 03. PVC (pol^inyl chloride) epoxv res- 

agern (not Shown in the figure) inside the filling materid 1 1 03 because the absorbent effect can be mainteined S 
IngTatTrS M 1 03 ' ^""^"'^"^^ "^^"^ ^'^^ ^'"''°^-ent 1 . to thereby em", light from the side of the" 

i°riIi!L r"J,*''«.'" ^ 9'^^= P'^te. an FRP (Rberglass-Reinforced Plastics) plate. PVF (polyvinyl flu- 

imen 1 similT to '!"'.°^ "'^^"^ ^ ^ '^^^^^ ^ '"the cale ofEmbod- 
SJe ? ^ ^ ' ' °^ '"""^ '^^'^^ °^ ^ transmtesK^e material. Note that it 

f^AT ?f '^'^'"^ ^3^"'' '"^^ ''^"""^ '"to the filling material 1 1 03 in advance 
[0150 After using the filling material 1 1 03 to glue the cover material 1101. the frame material 1 1 02 is next attached 

the'ia^ mrr" T"" '"'^^ ' ' The frame material 1 1 02 is gTu ^on by 

miS^l 7frST^ <^""«"»"'"9 a= adhesh.e) 1 104. Atthfe point, it is preferable to use a light cured resin as the sea^ 

Se thl i tde^Nf; ' ""^'l "''^ '''' ^^'^^^"'^^ °^ E"- ' P^^'ts, may be used 

Note that ft « desirable to use. as the seal material 1 1 04. a material through which, as much as possib e oxvoen and 
moisture do not penetrate. In addition, a drying agent may be doped into the seal material 1 1 04 
I ? J ♦ The EL element is thus sealed into the filling material 1 103 by using the above procedure to therebv com- 
pletety cut Off the EL element from the external atmosphere and to preventthe penetration of substeTces sucTasT^^^ 
ure and oxygen from the outside which stimulate the deterioration of the EL element due to the oxidation orth^EL 
layer. Aocordmgly. highly reliable 5L display devices can be manufactured 
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Embodiment 2 

[0152] An example of simultaneously forming, in a lengthwise direction or a lateral direction, three types of stripe 
shape light emitting layers luminescing red, green, and blue color lights was shown in Embodiment 1 . An example of a 
5 stripe shape light emitting layer fonned by dividing it into a plural number of divisions in a longitudinal direction is shown 
in Embodiment 2. 

[01 53] As shown in Fig. 1 2A, the pixel portion 11 1 , the source side driver circuit 1 12, and the gate side driver circuit 
113. all formed of TFTs, are formed on the substrate 110. The pixel portion ill is partitioned into matrix by a bank 
1201. in the case of Embodiment 2, a plurality of pixels 1203 are arranged within one of the squares 1202 partitioned 
10 by the bank 1201 as shown rn Rg. 12B. However, the number of pixels is not limited. 

[0154] In such a state, the film deposition process of an organic EL material for functioning as a light emitting layer 
is carried out using the thin film deposition apparatus of Fig. 1. Even in this case, the red application liquid 1 14a, the 
green application liquid 1 14b, and the blue application liquid 1 14c are separately applied to by the head portion 1 15 at 
the same time. 

15 [0155] Embodiment 2 is characterized by the fact that the application liquids 1 14a to 1 14c can be applied sepa- 
rately to the above stated respective squares 1202. In other words, the application liquids of each color, red, green, and 
blue, can only be applied separately in a stripe shape in the method of Fig.l, whereas in Embodiment 2, the colors-can 
be freely arranged in each square. Therefore, as shown in Fig. 12A, it is possible to arrange a color of the application 
liquid to be applied to an optional square in a manner so that a whole row (or column) is being shifted. 

20 [0156] Further, in the square 1202, the provision of one pixel is also possible, and in this case, the pixel structure 
can be adopted which is generally referred to as delta arrangement (a pixel structure in which pixels con-esponding to 
the respective colors RGB are arranged so as to always form a triangle). 

[0157] Operations imparted to the head portion 1 1 5 for the purpose of implementing Embodiment 2 are as follows. 
Rrst. the head portion 1 15 is moved to the direction indicated by the arrow a, to thereby completely soak the inside of 

25 three squares (the respective squares con-esponding to the colors red. green, and blue) with the application liquids. 
After completing this operation, the head portion 1 15 is moved to the direction indicated by the arrow b, to thereby apply 
the application liquid to the next three squares. The application liquids are applied to the pixel portion by repeating this 
operation. Thereafter, the solvent is volatilized by heat treatment to form an organic EL material. 
[0158] In an example described in the conventional ink-jet method, the organic EL material fonned for the appiica- 

30 tion of liquid drops becomes circular. Therefore, It is difficult to cover the entire long and narrow pixel. Particularly, in the 
case of Embodiment 1 in which the entire pixel functions as a light emitting region, the entire pixel needs to be covered 
by the organic EL material. On the other hand. Embodiment 2 has a merit in that the squares can be completely filled 
with the application liquids by moving the head portion 1 15 in the direction Indicated by the an-ow a. 
[0159] Note that the constitution of Ennbodiment 2 may be utilized in manufacturing the EL display device described 

35 in Embodiment 1 . The bank 1 201 may be formed into a matrix shape by patterning, and the operations of the head por- 
tion 1 1 5 may be electrically controlled. 

Embodiment 3 

40 [0160] A case of employing the present invention in a passive type (simple matrix type) EL display device is 
explained In Embodiment 3 with reference to Fig. 13. In Fig. 13, reference numeral 1301 denotes a plastic substrate 
and 1302 denotes a cathode made of an aluminum alloy film. The cathode 1302 is fonned by the evaporation method 
in Embodiment 3. Note that although not shown in Rg. 13, a plural number of lines of cathodes are arranged in a stripe 
shape, in a perpendicular direction on a defined space. 

45 [0161] Further, a bank 1303 is formed so as to fill up the spaces between the cathodes 1302 arranged in stripes. 
The bank 1 303 is fonned along the cathodes 1302 in a perpendicular direction on the defined space. 
[0162] Subsequently, light emitting layers 1 304a to 1 304c made of a high molecular organic EL material are fonned 
by the film deposition method employing the thin film deposition apparatus of Fig. 1. Of course, reference numeral 
1304a is a light emitting layer luminescing red color, 1304b is a light emitting layer luminescing green color, and 1304c 

50 is a light emitting layer luminescing blue color An organic EL material similar to that of Embodiment 1 may be used in 
Embodiment 3. Since these light emitting layers are formed along the grooves, which are formed by the bank 1302, 
these layers are arranged in a stripe shape, in a perpendicular direction on the defined space. 
[0163] Thereafter, a hole injection layer 1305, common for all the pixels, is formed by the spin coating method or 
the printing method. The hole injection layer may also be similar to the one of Embodiment 1. In addition, an anode 1308 

55 made of a transparent conductive film is formed on the hole injection layer 1305. In Embodiment 3, a compound of 
indium oxide and zinc oxide formed by the evaporation method is fonned as the transparent conductive film. Note that 
although not shown in Fig. 13, the parallel direction of a plural number of lines of anodes on the defined space is the 
longitudinal direction, and that the anodes 1306 are arranged in a stripe shape so as to intersect the cathodes 1302. 
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ITZZlnJ T"^' f """^ ^'^^^ »° 3 P°rt'°" whe^ an FPC will be attached later so that a 

predetermined voltage can be applied to the anodes 1306 

Sg, mr;2e';;oS'' °' ^ - ^ f'-^^-'- - ^'^-n in the 

' f?a cathode"" lifht IT!? ^ • Since a lower side electrode is a light-shield- 

Z^^Sl th . . ^ "^''^ '^^'^ ^2°*^ ■'304'= irradiated to an upper surface (a surface 

The element thlt ''- ^rT'' '''^^"'^^ ^-^"^"^'^^'^^ --^'"9 t'i st uSre 

w [0166] A plastic plate is prepared as a cover material 1 307. A fight-shielding fifrn or a color filter may be formed on 

emitted fror^ the EL element penetrates the cover material 1307 and enters the eyes of an observer A plastic platL is 
be usld Of ' ' ' ' transmissh^e substrate (or a ti^nsmissive film) such as a PVF fi^mtay 

mav hava^L^^ " '^"^ °' ^"'^"'"^ the structure of the EL element, the cover ZZZ 
may have light shielding charactenstics. Hence, a ceramic substrate, etc. can be used 

[0167] When the cover material 1307 Is thus prepared, ft is then pasted on the substrate by a filling material 1308 
^at IS doped wrth a banum oxide as a drying agent (not sho^vn in the figure). Then, frame material sTo T^oL!Z 
using a seal material 1309 made of an u^viclet cured resin. A stainless material is used as the frame maSial 131 S 

^ rpCdtr ^" ''''''' ' ^""^^'^^^^ t^-^ --P'-i"9 ^ piiXe^EL 

Embodiment 4 

'5 !owfif ni J^v^f "''"'".'""'''f """^"^^ P^'"^"t invention seen from the direction of Fig. 1 1 A the 

?5 rows of pixel may be fomied in a lengthwise direction or lateral direction. In other words, the anBngement of the oixel! 
becomes such as that of Rg. 14A in the case of forrr,ing the rows of pixels in the lengthwise^Sn o the^^S 
d'ic":' " '''' °' ''^ °* '-"'"9 °f P^2''° t^e 

«> 5°402a denl?J n 'if ^ "^"^ ^ ^^ripe shape in the lengthwise direction 

io 402a denotes an EL layer luminescing a red color, and 1402b denotes an EL layer luminescing green color An EL 

r??"' '^''^^ to the EL layer iSlmineslg g Jn 

the soJ r^wJ;; ' °' ' ^" '"^"'^^'"^ ^^"^ ^^OlTtrrmeS a"ng 

5 So nf '^^^T ^ ^''^ ^ "^^^"^ °* ^" ^^S^"'^ EL "material which contributes to the iumi- 

LLT^f ?I ^ "."^ ""''"'"S "y^^- ^ "^^"^^ '"j^^" '^y^^- s charge transporting layer The reTre 

cases of forming a light emrtting layer as a single layer. However, in the case of forming a laminate Jer of a hoirrniec 
tion layer and a light emitting layer, for example, this laminate film is called an EL layer ' 
[0171] At this point, it is desirable that a mutual distance (D) of pixels 1 403 indicated by the doned line is set to be 

Tr.T^ l b Tl ° ""^ P''*^'^- ^°te that if the distance (D) between pixels is also 

r^^.n. ""'"^ra' 1404 denotes a bank formed into a stripe shape in the lateml direc- 

- Zno^T" pfr'" r '""^"^^""^ "'^ ^^^^-^ ^^"°tes an EL layer luminescing green ofo and lTS 

' Jim the TJ^ ZI T^T? " " "PP^^ °f - 9-t' Wiring via an insu.lg 

film, the bank 1404 IS formed along the gate wiring. "•auny 

[0173] Also in this case, it is appropriate that a mutual distance (D) of pixels 1 406 indicated by the dotted line is set 

era! t^^t^e°^^^t'''?''^ ^ " ^""^"^ <t) Of the EL layer'and f u^r s p2 

enable that the distance (D) is 5t < D < 50t (preferably 1 0t < D < 35t) 

S EmLdJlt*??o?p°"'''";'!" °' Embodiment 4 may be implemented by combining it with any of the constitutions 

ELte^arin Sr,b diment TT^ ' " ""IT''' '''^""'^^ ^'''^'^ the film thickness of the 

EL layer as in Embodiment 4. it becomes possible to display high definition images without cross-talk. 

Embodiment 5 

imittL 1««1V^'"'"^- ^" "3''' «9^t emitting layer luminescing red color, the light 

emittng layer luminescng green color, and the light emitting layer luminescing blue color, by utili^rng the thin f m dep- 
osition apparatus of Fig. i was illustrated in Embodiment 1 . However, the light emitting layer formed by us ng he thfn 
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film deposition apparatus of Fig. 1 may be a layer for at least one of the colors, red, green, and blue. 
[0176] That is, in Fig. IB. the nozzle 11 6c (a nozzle for applying the blue light emitting layer application liquid) is 
omitted. It is also possible to apply the blue light emitting layer application liquid 11 4c by other application means. An 
example of this is shown in Fig. 15. 
5 [0177] Shown in Fig. 1 5 is an example of a case in which the constitution of Embodiment 5 is employed In the pas- 
sive type EL display device illustrated in Embodiment 3. The basic structures are the same as those of the passive type 
EL display device shown in Fig. 13, and therefore only the reference numerals of different portions are changed and 
explained. 

[0178] In Fig. 15, after forming the cathode 1302 on the substrate 1301, the light emitting layer 1304a luminescing 
w red color and the light emitting layer 1 304b luminescing green color are formed by utilizing the thin film deposition appa- 
ratus of Fig. 1. Then, a light emitting layer 1501 luminescing blue color is formed thereon by the spin coating method, 
the printing method, or the evaporation method, in addition, the hole injection layer 1305 and the anode 1306 are 
formed. 

[0179] Thereafter, the filling material 1308, the cover material 1307, the sea! material 1309, the frame material 
15 1310, the conductive paste 1311, and the FPC 1312 are formed in accordance with the explanation of Embodiment 3, 
to thereby complete the passive type EL display device of Fig. 15. 

[0180] The case of Embodiment 5 is characterized in that the tight emitting layer 1304a luminescing red color, the 
light emitting layer 1304b luminescing green color, and the light emitting layer 1601 luminescing blue color are formed 
by different means. Of course, the colors may be freely combined, and the light emitting layer luminescing green color 
20 may be formed by the spin coating method, the printing method, or the evaporation method instead of the above-men- 
tioned light emitting layer luminescing blue color. 

[0181] In addition, the light emitting layer luminescing green color is formed by using the injection device of Fig. 1 , 
and the light emitting layer luminescing red color and the light emitting layer luminescing blue color may be fonmed by 
the spin coating method, the printing method, or the evaporation method. Even in this case, the colors can be freely 
25 combined. 

[0182] According to the structure of Embodiment 5, of the light emitting pixels, the red light emitting pixel, the green 
light emitting pixel, and the blue light emitting pixel, at least one has a structure that is a laminate layer of two different 
types of light emitting layers as the light emitting layer. In this case, of the two different types of light emitting layers, 
either one emits one of the colors due to the mobility of energy. However, whichever color light will be em'rtted can be 
30 examined in advance. Thus, it is appropriate to design the structure so that the colors, red, green, and blue can be 
finally obtained. 

[0183] As an advantageous point of structuring the light emitting layer as a laminate layer, such as the one stated 
above, the point that the possibility of a short circuit caused by a pinhole becomes low can be cited. Since the light emit- 
ting layer is very thin, the occurrence of short circuit In the cathode and anode caused by the pinhole becomes a prob- 

35 lem. However, the filling up of the pinhole is carried out by structuring a laminate layer, and therefore the possibility of 
a short circuit occurring can be greatly reduced. In such a meaning, it is effective to form the light emitting layer that is 
provided on the upper layer of the laminate struaure by the evaporation method where it is difficult for pinholes to occur. 
[0184] Note that in Embodiment 5, an explanation was made taking the passive type EL display device as an exam- 
ple. However, the active matrix EL display device may also be employed. Accordingly, the constitution of Embodiment 

40 5 may be implemented by freely combining it with the constitution of any of Embodiments 1 to 4. 

Embodiment 6 

[0185] An example of the head portion 1 15 in which 3 nozzles are attached thereto is shown in Fig. 1 . However, the 
45 head portion may be further attached with 3 or more nozzles in correspondence with the plurality of rows of pixels, an 
example of which is shown in Fig. 16. It is to be noted that the letters R, G, and B correspond to red, green, and blue 
respectively. 

[0186] Shown in Fig. 16 is an example of collectively applying an organic EL material (strictly application iiquid) to 
al! the rows of pixels formed in the pixel portion. That is, the number of nozzles attached to a head portion 1 601 is the 
50 same as the number of rows of pixels. By constmcting such a structure, it becomes possible to apply the application 
liquid to the entire rows of pixels in one scan, thereby making a rapid increase in throughput. 

[0187] Further, the pixel portion is divided into a plurality of zones. A head portion provided with the same number 
of nozzles as the number of rows of pixels contained in each zone may be employed. In other words, if the pixel portion 
is divided into n number of zones, then the organic EL material (strictly application liquid) can be applied to all the rows 
55 of pixels by scanning n number of times. 

[0188] Since there are actually cases where the size of the pixels are small, several tens of fim, then the width of a 
pixel row is also about several tens of ^im. In such a case, the arrangement of the nozzles needs to be contrived 
because it is difficult to arrange the nozzles in one horizontal row. 
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[0189] Shown in Fig. 17 is an example in which the attachment positions of the nozzles to the head portion are 
altered, tn Fig. 17A, nozzles 52a to 52c are formed on the head portion 51 while shifting their attachment positions diag- 
onally. Note that reference numeral 52a denotes a nozzle for applying red light emitting layer application liquid, 52b 
denotes a nozzle for applying green light emitting layer application liquid, and 62c denotes a nozzle for applying blue 

5 light emitting layer application liquid. Further, each of the arrows corresponds to a pixel row. 

[0190] The nozzles 52a to 52c are then considered as one unit as indicated by reference numeral 53. Thus, the 
head portion is provided with one to several numbers of units. If there is one unit 53, then the organic EL material can 
be applied to 3 rows of pixels at the same time. This means that if there are n numbers of units, then the organic EL 
material can be applied to n numbers of 3 rows of pixels at the same time. 

10 [0191] By forming such a structure, the degree of freedom in the amangement space of nozzles is raised, making 
it possible to implement the present invention in a highly detailed pixel portion without much difficulty. In addition, the 
head portion 51 of Fig. 17A may be used in collectively processing (applying the application liquid thereto) all the rows 
of pixels in the pixel portion, or may be used in the case where the pixel portion is divided into a plurality of zones and 
the process of the rows of pixels is divided into several times. 

15 [0192] A head portion 54 shown In Fig. 1 7B is a modified version of Rg. 1 7A. It is an example of a case of increas- 
ing the number of nozzles contained in one unit 55. In other words, 2 nozzles 56a for applying the red light emitting layer 
application liquid. 2 nozzles 56b for applying the green light emitting layer application liquid, and 2 nozzles 56c for apply- 
ing the blue light emitting layer application liquid are contained in the unit 55. Hence, a total of 6 rows of pixels can be 
applied with the organic EL material at the same time by one unit 55. 

20 [0193] One to a plural number of the above-mentioned unit 55 can be provided in Embodiment 6. If there is only 
one unit 55, then the organic EL material can be applied to 6 rows of pixels at the same time. If there are n numbers of 
unit 55, then the organic EL material can be applied to n numbers of 6 rows of pixels at the same time. Of course, the 
number of nozzles provided in the unit 55 is not necessarily limited to 6, but an additional number of nozzles may be 
provided. 

25 [0194] In the case of such structure, similarly to the case of Fig. 17A. all the rows of pixels in the pixel portion can 
be collectively processed, or it is possible to divide the process into several times when the pixel portion is divided Into 
a plurality of zones. 

[0195] In addition, a head portion such as a head portion 57 shown in Fig. 17C can be used. In the head portion 
57, a space for3 rows of pixels is opened for provision of a nozzle 58a for applying the red light emitting layer application 
30 liquid, a nozzle 58b for applying the green light emitting layer application fiquid, and a nozzle 58c for applying the blue 
light emitting layer application liquid, 

[0196] First, the head portion 57 is scanned once to apply the organic EL material to the rows of pixels. Next, the 
head portion 57 is shifted by 3 rows of pixel to the right and scanned again. Then the head portion is further shifted by 
3 rows of pixels to the right and scanned again. Scanning is thus perfonmed 3 times, whereby the organic EL material 
35 can be applied to the stripes lined in the order of red, green, and blue. 

[0197] Also in the case of such a structure, similarly to the case of Rg. 1 7A, all the rows of pixels in the pixel portion 
can be collectively processed, or ft is possible to divide the process into several times when the pixel portion is divided 
into a plurality of zones. 

[0198] Thus, in the thin film deposition apparatus of Rg. 1 , by contriving the position of nozzles to be attached to 
40 the head portion, the present invention may also be implemented in a highly detailed pixel portion having very nan-ow 
pixel pitches (the distance between pixels). Furthermore, the throughput of the manufacturing process can be 
increased, 

[0199] Note that the constitution of Embodiment 5 may be implemented by freely combining it with the constitution 
of any of Embodiments 1 to 5. 

Embodiment 7 

[0200] When the present invention is implemented to manufacture an active matrix EL display device, it is effective 
to use a silicon substrate (silicon wafer) as a substrate. In the case of using the silicon substrate as the substrate, a 
50 manufacturing technique of MOSFET utilized In the conventional IC, LSI or the like can be employed to manufacture a 
switching element and a current control element to be formed In the pixel portion, or a driver element to be formed in 
the driver circuit portion. 

[0201] The MOSFET can form circuits having extremely small variations as in its achievements in the 10 and the 
LSI. Particularly, it is effective for an analog driver of the active matrix EL display device for performing gradation display 
55 by an electric current value. 

[0202] It is to be noted that the silicon substrate is not transmissive, and therefore the structure needs to be con- 
structed so that light from the light emitting layer is irradiated to a side opposite the substrate. The structure of the EL 
display device of Embodiment 7 is similar to that of Rg. 1 1 . However, the point of difference is that the MOSFET is used 
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for forming a pixel portion 702 and a driver circuit portion 703 instead of a TFT 
Embodiment 8 

[0203] An EL display device formed by implementing the present invention has superior visibility in bright locations 
in comparison to a liquid crystal display device because it is a self-emissive type device, and moreover its field of vision 
is wide. Accordingly, it can be used as a display portion for various electronic devices. For example, it is appropriate to 
use the EL display device of the present invention as a display portion of an EL display fa display incorporating the EL 
display device in its casing) having a diagonal equal to 30 inches or greater (typically equal to 40 inches or greater) for 
appreciation of TV broadcasts by large screen. 

[0204] Note that all displays exhlbrting (displaying) information such as a personal computer display, a TV broad- 
cast reception display, or an advertisement display are included as the EL display Further, the EL display device of the 
present invention can be used as a display portion of the other various electronic devices. 

[0205] The following can be given as examples of such electronic devices: a video camera; a digital camera; a gog- 
gle type display (head mounted display); a car navigation system; an audio reproducing device (such as a car audio 
system, an audio compo system); a notebook personal computer; a game equipment; a portable information terminal 
(such as a mobile computer, a mobile telephone, a mobile game equipment or an electronic book); and an image play- 
back device provided with a recording medium (specifically, a device which performs playback of a recording medium 
and is provided with a display which can display those images, such as a digital video disk (DVD)). In particular, 
because portable information terminals are often viewed from a diagonal direction, the wideness of the field of vision is 
regarded as very important. Thus, it is preferable that the EL display device is employed. Examples of these electronic 
devices are shown in Figs, 1 8A to 1 9B, 

[0206] Fig. 1 8A is an EL display containing a casing 2001 . a support stand 2002. and a display portion 2003. The 
present invention can be used in the display portion 2003. Since the EL display is a self-emissive type device without 
the need of a backlight, its display portion can be made thinner than a liquid crystal display device. 
[0207] Fig, 1 SB is a video camera, containing a main body 2101. a display portion 2102, an audio input portion 
2103. operation switches 2104. a battery 2105, and an image receiving portion 2106. The EL display device of the 
present invention can be used in the display portion 2102. 

[0208] Fig, 1 8C is a portion of a head fitting type EL display (right side), containing a main body 2201 . a signal cable 
2202, a head fixing band 2203, a display portion 2204, an optical system 2205, and an EL display device 2206. The 
present invention can be used in the EL display device 2206. 

[0209] Fig. 18D is an image playback device (specifically a DVD playback device) provided with a recording 
medium, containing a main body 2301 , a recording medium (such as a DVD) 2302. operation switches 2303, a display 
portion (a) 2304, and a display portion (b) 2305. The display portion (a) is mainly used for displaying image information, 
and the image portion (b) is mainly used for displaying character information, and the EL display device of the present 
invention can be used in the image portion (a) and in the image portion (b). Note that domestic game equipment is 
included as the Image playback device provided with a recording medium. 

[0210] Fig. 18E is a mobile computer, containing a main body 2401, a camera portion 2402. an image receiving 
portion 2403, operation switches 2404, and a display portion 2405. The EL display device of the present invention can 
be used in the display portion 2405. 

[0211] Fig. 18F is a personal computer, containing a main body 2501, a casing 2502, a display portion 2503, and 
a keyboard 2504. The EL display device of the present invention can be used in the display portion 2503. 
[0212] Note that, in the future if the emission luminance of EL materials becomes higher, the projection of light 
including outputted images can be enlarged by lenses or the like. Then it will become possible to use the EL display 
device of the present invention in a front type or a rear type projector, 

[0213] The above electronic devices are becoming more often used to display information provided through an 
electronic transmission circuit such as the Internet or CATV (cable television), and in particular, opportunities for dis- 
playing animation information are increasing. The response speed of EL materials is extremely high, and therefore the 
EL display device is favorable for performing animation display However, the contours between pixels become hazy, 
whereby the entire animation also becomes hazy Accordingiy it is extremely effective to use the EL display device of 
the present invention in the display portion of electronic equipment because of its capability of clarifying the contours 
between pixels. 

[0214] The emitting portion of the EL display device consumes power, and therefore it is preferable to display infor- 
mation so as to have the emitting portion become as small as possible. Therefore, when using the EL display device in 
a display portion which mainly displays character information, such as a portable information terminal, in particular, a 
portable telephone and an audio reproducing device, it is preferable to drive it by setting non-emitting portions as back- 
ground and forming character information in emitting portions. 

[0215] Fig. 19A is a portable telephone, containing a main body 2601 , an audio output portion 2602, an audio input 
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5 ptev oortion?702^^.nHT"? " ^"'^^ ^y^t^'^' =°"taining a main body 2701 a dis- 

Ke'dX Tor^on IS^:^^^^^ ' "''^ '''^P'^^ ^'^''^ °^ invention can be used 

Liso be uidfor n mohSt ^" ^^'^'^ ^«P^oducing device for a car ^ shown in Embodiment 8. tut it ma. 

ti in a Jl l w^^^ ^""^ ^ °^ reproducing device. Note that by displaying whte chaS^ 

'° T^Jn, , "^"^^ °* applications of the present invention is thus extremely wide, and it is possible to aoolv the 
Embodiment 9 



15 



^ Se' i, is *S '^"4"'' ™»* »' provide o„ the «»er meteriel 2802 ™ae or plasfc 

S« fi J^S, ? , ^ ^^"^ '"''^^^t^' ^^^^ "'sterial 2802, and the seal material 

[0223] Note that it is possible to implement the constitution of Embodiment 9 by freely combinino rt with thP mnc« 
Embodrment 1 0 



SS^A and Sb NotT?H°, T ; ? J explanation is made using the top views shown in Figs. 21A and 21 B and 
roSq "qli ArrslSt f '"'f -«ws taken along line A-A' and line B-B". 
ErSodim Jfi 7 ^ ! ^" ^'^^''^ ""^'^ ♦^^'"^^ accordance with any one of the 

srraie. UT course, substrates having other areas may be used. 

■ "^^^ ^^"""^ ^ ^^^^ "^"^ ^ 2904 is adhered to the active matrix substrate 2901 A sub 

A^n'J"r"^y ^ °' ^'^■'^^ "'^^'^ 2901 may be used fo^thTcZ mate^^^^ 

23^^. Accordingly, ,r, the state shown in Fig. 21 B. a common cover materia, can be used for all the acrma^rpo^^ 
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[0228J Next, a process of cutting the active matrix substrate in the state shown In Fig. 21 B is explained with refer- 
ence to Figs. 22A and 22B. 

[0229] In Embodiment 1 0, the cutting of the active matrix substrate 2901 and the cover material 2904 is conducted 
by using a scriber. The scriber is a device for cuning a substrate by first fonming narrow grooves (scribe grooves) in the 
substrate and then applying impact to the scribe grooves to generate fissures along the scribe grooves, thereby cutting 
the substrate. 

[0230] ft is to be noted that as another device for cutting a substrate, a dicer is known. The dicer is a device in which 
a hard cutter (also referred to as a dicing saw) is rotated at a very high speed and applied to the substrate 
[0231] It is to be noted that as another device for cutting a substrate, the dicer is known. The dicer is a device in 
which a hard cutter (also referred to as a dicing saw), rotating at a very high speed, Is applied to the substrate to cut the 
substrate. However, when using the dicer, the dicing saw is sprayed with water In order to prevent th:^- *neat generation 
and the scattering of polish dust Therefore, when manufacturing the EL display device, it is desirable to employ the 
scriber. in which there is no need to use water. 

[0232] The order of fomning scribe grooves in the active matrix substrate 2901 and the cover material 2904 is as 
follows. First, a scribe groove 2905a is formed in the direction indicated by the arrow (a), then a scribe groove 2905b is 
formed in the direction indicated by the an-ow (b). and finally, a scribe groove 2905c is formed in the direction indicated 
by the an-ow (c). 

[0233] When the scribe grooves are formed, impact is applied to the scribe grooves with a bar, which is made of an 
elastic material such as silicon resin, to generate fissures and then the active matrix substrate 2901 and the cover mate- 
rial 2904 are cut. Fig. 228 is a diagram showing the state after cutting the active matrix substrate 2901 and the cover 
material 2904. In this drawing, a set, whbh is composed of an active matrix substrate 2901 ' and a cover material 2904\ 
contains one active matrix portion. 

[0234] Further, the cover material 2904' is cut smaller than the active matrix substrate 2901' at this time. The pur- 
pose of doing this is to attaching an FPC (Flexible Print Circuit) to a region, indicated by the reference numeral 2906. 
The EL display device Is completed at the point the FPC is attached. 

[0235] A plurality of EL display devices can thus be manufactured from one substrate by implementing Embodiment 
1 0. For instance, six 1 3 to 14 inch diagonal EL display devices or four 15 to 1 7 inch diagonal EL display devices may 
be manufactured from a 620 mm X 720 mm substrate. Therefore, a large increase in throughput and a reduction in 
manufacturing cost can be achieved. 

Embodiment 1 1 

[0236] A structure in which the structure of the EL element 203 in the pixel portion shown in Embodiment 1 has 
been reversed is explained in Embodiment 1 1 with reference to Fig. 23. Note that the difference between the structure 
of-Embodiment 1 1 and the structure of Fig. 2 is only in the part of the EL element and the current control TFT, and there- 
fore an explanation of the other portions is omitted. 

[0237] In Fig. 23, a cun-ent control TFT 61 is formed by using a p<;hannel TFT whose structure is identical with that 
of the p-channel TFT 206 fomied in accordance with the manufacturing process of Embodiment 1 . Therefore, a detailed 
explanation of the current control TFT 61 Is omitted. 

[0238] In Embodiment 1 1 , a transparent conductive film is used as a pixel electrode (anode) 62. Specifically, a con- 
ductive film made of a compound of indium oxide and zinc oxide is used. Of course, a conductive film made of a com- 
pound of indium oxide and tin oxide may also be used. 

[0239] After banks 63a and 63b made of an insulating film are formed, solvent application is performed to thereby 
form a tight emitting layer 64 made of polyvinyl carbazole. An electron injection layer 65 made of potassium acetyl ace- 
tonate is fomned on the light emitting layer 64. and then a cathode 66 made of aluminum alloy is formed thereon. In this 
case, the cathode 66 also functions as a passivation film. An El element 67 is thus formed. 

[0240] In the case of Embodiment 11 , as indicated by the arrow, fight generated from the light emitting layer 54 is 
in^diated toward the substrate with a TFT formed thereon. When fonming a structure such as Embodiment 1 1 , it is pref- 
erable to fomi the current control TFT 61 with a p-channel TFT However, the current control TFT may also be formed 
with an n-channel TFT. 

[0241] Note that it is possible to Implement the constitution of Embodiment 1 1 by freely combining It with the con- 
stitution of any of Embodiments 1 to 7. 9. and 10. In addition, it is effective to employ the EL display device having the 
structure of Embodiment 1 1 as the display portion of the electronic equipment of Embodiment 8. 

Embodiment 12 

[0242] In Emboolment 12. an example of a case in which a pixel constitution shown in Fig. 24 differs from that of 
the circuit diagram (constitution) shown in Fig. 3B. Note that in Embodiment 12. reference numeral 71 denotes source 
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wiring of a switching TFT 72. 73 denotes a gate wiring of the switching TFT 72. 74 denotes a current control TFT 75 
denotes a capacitor, 76 and 78 denote electric current supply fines, and 77 denotes an EL element 
[0243] It is to be noted that the capacitor 75 employs a gate capacitance (a gate capacitance formed between a 
gate electrode and an LDD region) of the current control TFT 74 that is formed of an n-channel TFT. Substantially, the 
capacitor 75 is not provided, and therefore it is indicated by a dotted line. Of course, a capacitor may be formed'in a 
different structure. 

[0244] Fig. 24A is an example of a case In which the electric current supply line 76 is common between two pixels. 
Namely, this is characterized in that the two pixels are formed having linear symmetry around the electric current supply 
line 76. In this case, the number of the electric current supply lines can be reduced, and therefore the pixel portion can 
be made with higher definition. 

[0245] Further. Fig. 24B is an example of a case in which the electric current supply line 78 is formed parallel to the 
gate wiring 73. Note that in Fig. 24B. the structure is fonned such that the electric current supply line 78 and the gate 
wiring 73 do not overlap, but provided that both are wirings fonned on different layers, then they can be formed to over- 
lap through an insulating film. In this case, the exclusive surface area can be shared by the electric current supply line 
78 and the gate wiring 73, and the pixel portion can be made with higher definition. 

[0246] Furthemiore, Fig. 24C is characterized in that the electric cun-ent supply tine 78 and the gate wiring 73 are 
fomned m parallel, similar to the structure of Rg. 24B, and additionally, in that the two pixels are formed so as to have 
linear symmetry around the electric current supply line 78. In addition, it is effective to form the electric current supply 
hne 78 so as to overiap with one of the gate wirings 73. In this case, the number of electric current supply lines can be 
reduced, and therefore the pixel portion can be made with higher definition. 

[0247] Note that it is possible to implement the constitution of Embodiment 12 by freely combining it with the con- 
stitution of any of Embodiments 1 to 7 and 9 to 1 1 . In addition, it is effective to employ the EL display device having the 
pixel structure of Embodiment 1 2 as the display portion of the electronic equipment of Embodiment 8. 

Embodiment 13 



[0248] in Embodiment 1 1 . a p-channel TFT is used as the current control TFT 61 . An example of using a p-channel 
TFT having an LDD region is shown in Embodiment 13. A structure of the current control TFT of Embodiment 13 is 
shown in Rg. 25 A 

[0249] In Fig. 25A, reference numeral 81 denotes a source region. 82 denotes a drain region, 83 denotes an LDD 
region, 84 denotes a channel forming region, 85 denotes a gate insulating film. 86 denotes a gate electrode, 87 denotes 
a first interiayer insulating film. 88 denotes a source wiring. 89 denotes a drain wiring, and 90 denotes a first passivation 
film. 

[0250] fn the case of forming the structure of Embodiment 13, it is in a state where the gate electrode 86 overlaps 
the LDD region 83 through the gate insulating film 85. and a gate capacitance is formed therebetween. Embodiment 1 3 
is^aractenzed in that the gate capacitance is used as a capacitor for maintaining a gate voltage of the current control 

[0251] An example of a pixel constitution according to Embodiment 13 is shown in Rg. 25B. In Rg. 25B. reference 
numeral 91 denotes a source wiring. 92 denotes a gate wiring. 93 denotes a switching TFT 94 denotes a current control 
TFT 95 denotes a capacitor formed of a gate capacitance of the current control TFT, 96 denotes an EL element, and 
97 denotes an electric current supply line. 

[0252] Note that the structure of Rg. 25A is a structure in which the structure of the current control TFT and the 
direction of the EL element in Rg. 24A are alternated. That is. it is possible to form the pixel constitution to have the 
circuit configurations as shown in Rgs. 24B and 24C. 

[0253] in the case otfomiing the cun-ent control TFT of Embodiment 13, a process of forming the LDD region of the 
p-channel TFT Is required. However, a patterning process for fomiing the LDD region 83 and a doping process of a p- 
type impurity element may be added to the manufacturing process of Embodiment 1 . When adding these processes, it 
IS appropriate to set the concentration of the p-type impurity element contained in the LDD region 83 to between 1 x1 0^^ 
and 1 XI 0^^ atoms/cm^ (typically between 5x10^® and Sxio""^ atoms/cm^). 

[0254] Note that it is possible to implement the constitution of Embodiment 1 3 by freely combining it with the con- 
stitution of any of Embodiments 1 to 7 and 9 to 1 2. In addition, it is effective to employ the EL display device having the 
pixel structure of Embodiment 13 as the display portion of the electronic equipment of Embodiment 8. 
[0255] Implementing the present invention makes it undoubtedly possible to perform film deposition of an organic 
EL material w'lthout the aviation curve problem, which occurs in the ink-jet method. Namely, since a high molecular 
organic EL material can be film deposited accurately and without any problem of positional shift, the production yield of 
an EL display device using a high molecular organic EL material can be increased. Further, the organic EL material is 
applied not in the form of a "dor as in the ink-jet method, but in the form of a "line", and therefore, a high throughput is 
attained. 
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Claims 

1. An EL display device comprising: 

a pixe! portion having a plurality of gate wirings, a plurality of source wirings intersecting said plurality of gate 
wirings, at least one thin film transistor surrounded by said plurality of gate wirings and said plurality of said 
source wirings, and an EL element electrically connected to said thin film transistor, 
wherein said pixel portion comprises a plurality of pixel rows divided along said plurality of gate wirings, and 
wherein said plurality of pixel rows comprise a first pixel row in which a red tight emitting layer is fonned, a sec- 
ond pixel row In which a green light emitting layer is formed, and a third pixel row In which a blue light emitting 
layer is formed. 

2. An EL display device comprising: 

a pixel portion having a plurality of gate wirings, a plurality of source wirings intersecting said plurality of gate 
wirings, at least one thin film transistor surrounded by said plurality of gate wirings and said plurality of said 
source wirings, and an EL element electrically connected to said thin film transistor, 

wherein said pixel portion comprises a plurality of pixel rows divided along said plurality of source wirings, and 
wherein said plurality of pixel rows comprise a first pixel row in which a red light emitting layer is fonned, a sec- 
ond pixel row in which a green light emitting layer is formed, and a third pixel row in which a blue light emitting 
layer is formed. 

3. An EL display device comprising: 

a pixel portion having a plurality of gate wirings, a plurality of source wirings Intersecting said plurality of gate 
wirings, a plurality of banks provided over said plurality of gate wirings, at least one thin film transistor sur- 
rounded by said plurality of gate wirings and said plurality of said source wirings, and an EL element electrically 
connected to said thin film transistor, 

wherein said pixel portion comprises a plurality of pixel rows divided along said plurality of banks, and 
wherein said plurality of pixel rows comprise a first pixel row in which a red light emitting layer is fonned, a sec- 
ond pixel row in which a green light emitting layer is formed, and a third pixel row in which a blue light emitting 
layer is formed. 

4. An EL display device comprising: 

a pixel portion having a plurality of gate wirings, a plurality of source vwrings intersecting said plurality of gate 
wirings, a plurality of banks provided over said plurality of source wirings, at least one thin film transistor sur- 
rounded by said plurality of gate wirings and said plurality of said source wirings, and an EL element electrically 
connected to said thin film transistor, 

wherein said pixel portion comprises a plurality of pixel rows divided along said plurality of banks, and 
wherein said plurality of pixel rows comprise a first pixel row in which a red light emitting layer is formed, a sec- 
ond pixel row in which a green light emitting layer is formed, and a third pixel row in which a blue light emitting 
layer is formed. 

5. An EL display device comprising: 

a pixel portion having a plurality of cathodes arranged in a stripe shape, a plurality of anodes arranged in a 
stripe shape so as to intersect said plurality of cathodes, and a plurality of light emitting layers provided 
between said plurality of cathodes and said plurality of anodes. 

wherein said pixel portion comprises a plurality of pixel rows divided along said plurality of cathodes, and 
wherein said plurality of pixel rows comprise a first pixel row in which a red light emitting layer Is formed, a sec- 
ond pixel row in which a green light emitting layer is formed, and a third pixel row in which a blue light emitting 
layer Is formed. 

6. An EL display device comprising: 

a pixel portion having a plurality of cathodes arranged in a stripe shape, a plurality of anodes arranged in a 
stripe shape so as to intersect said plurality of cathodes, a plurality of banks provided in the gaps of said plu- 
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ptral^of anodes'"' ' °' '"'"''"^ ^"'^ P'^'^"^ '^^'^"^^^ ^"^ 

wherein said pixel portion comprises a plurality of pixel rows divided along said plurality of banks and 
whe.,n sa,d plurality of pixel rows comprise a first p«el row in which a J light emitting layerTs 5 "e. a sec 

iajer i^fired" ' "''^ " ^ ''^'^ ^ ^ ''9^^ er^S 

^a"i(f biu'S ^m'liSn.T"'"'"' '° ' ■ "9'^ ^^'"^ "9^^^ e"^«*ng 'a/er and 

^ said blue light emitting layer compnse high nnolecular organic EL materials. y / 'u 

°' saidl'luS er^lTnnT'"''"' ^' "^'^ ""^'^"^ 9^^^" "9ht emtting layer and 
said blue light emitting layer comprise high molecular organic EL materials. 

^rid^'lut^Klht f ^lirnnT"''"^ '° '""^ "9'^* ^"'"'"S ^^'^ 3^««" "S^^t ^"''tting layer and 

said blue light emitting layer compnse high molecular organic EL materials. y / " 

^id^blu?£ t^^" T°''''"' *° ^' '^^ "9'^ ""'■'«"9 'ayer. said green light emitting layer and 

said blue light emitting layer connprise high molecular organic EL materials. 9 yrana 

^idl^lu?S^^r T°'""^ '° ^' "S'* ^"^^"9 ^^i^ green light emitting layer and 

said blue light emitting layer comprise high molecular organic EL materials. y y ana 

12. An EL display device according to claim 6. wherein said red light emitting layer, said green light emittina laver and 
said blue light emitting layer comprise high molecular organic EL materials. ^ 

^teJ^e?fl^h^^l?c°„nI"^•^^ ''^P'"^ '^^^'^ incorporated into an electronb device 

selected from the group consisting of a video camera, a digital camera, a goggle type display, a car navigation sys- 
tem, an audio reproducing device, a personal computer, a game equipment and a portable informatiorl teZal 

14. An EL display device according to claim 2, wherein said EL display device is incorporated into an electronic device 

t^T 7 ^T- °' ' ^ ''^^ ^ 9ogglB display, a car na^JSon Z 

tern, an audio reproducing device, a personal compute, a game equipment and a portable informatiorl teZal 

^teJ^PdSr*""' '^'^'"^ 3. wherein said EL display device incorporated into an electrr^nic device 

t^Z l T ^T- ""'"""^ °' ' ""'^^ ^ ^'9*^' ^ Qoggle type display, a car navigationtj; 

tem. an audio reproducing device, a personal compute, a game equipment and a por^Ie inforrr^ation teial 

""^i" a«^0"l--ng to claim 4. wherein said EL display device is incorporated into an electronic device 

tl tn auTo Zl7' "Z"^^"' °' ' ' '^^^^^ ^ S°99)e ^pe display, a car naviga^n"" 

tern, an audio reproducing device, a personal compute, a game equipment and a portable information teiminal. 

'''' 2!Lf!!l'^ZZu^"'''T ""'^'^ incorporated ir,to an electronic device 

?n Jud^ r^l^H ' T ' ""'^^ ' ^3"^' ^^"'^ ^ 9°99'« - '^^^ "^ig^tion sys- 

tem, an audio reproducing device, a personal compute, a game equipment, and a portable information terminal. 

Z!Lf!lZl7T ^"^""'""V" ^' '^"^ '^^P'^y ^^'^^ incorporated into an electronic device 

selected from the gioup consisting of a video camera, a digital camera, a goggle type display, a car navigation sys- 
tem, an audio reproducing device, a personal compute, a game equipment andTportaL'nformatiorltr^inal 

^iTof"'* ^3"':'*3=t^'-'"g an EL display device having a pixel portion comprising a plurality of gate wirings a plu- 
rality of source winngs intersecting said pluralfty of gate wirings, at least one thin film^nsistor surrounded by said 

Sm t°rlnSrc^H '"I'f "'^'"S^' ^" ^'^'"^"^ connected to said 

tnin film transistor, said methoci comprisirrg the steps of: 

forming a plurality of pixel mws by dividing said pixel portion along said plural^ of gate wirings- and 
forming a light emitting layer In each pixel row, 

wherein said light emitting layer is selected from the group consisting of a red light emitting layer, a green light 
emitting layer and a blue fight emitting layer. ^ y ' y ccn i,yMi 
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20. A method for manufacturing an EL display device having a pixel portion comprising a plurality of gate wirings, a plu- 
rality of source wirings Intersecting said piuralrty of gate wirings, at least one thin film transistor surrounded by said 
plurality of gate wirings and said plurality of said source wirings, and an EL element electrically connected to said 
thin film transistor, said method comprising the steps of: 

forming a plurality of pixel rows by dividing said pixel portion along said plurality of source wirings; and 
forming a light emitting layer in each pixel row, 

wherein said light emitting layer is selected from the group consisting of a red light emitting layer, a green light 
emitting layer and a blue light emitting layer. 

21. A method for manufacturing an EL display device having a pixel portion comprising a plurality of gate wirings, a plu* 
raiity of source wirings intersecting said plurality of gate wirings, a plurality of banks provided over said plurality of 
gate wirings, at least one thin film transistor sun^ounded by said plurality of gate wirings and said plurality of said 
source wirings, and an EL element electrically connected to said thin film transistor, said method comprising the 
steps of: 

forming a plurality of pixel rows by dividing said pixel portion along said plurality of banks; and - 
forming a light emitting layer in each pixel row, 

wherein said light emitting layer is selected from the group consisting of a red light emitting layer, a green light 
emitting layer and a blue light emitting layer. 

22. A method for manufacturing an EL display device having a pixel portion comprising a plurality of gate wirings, a plu- 
rality of source wirings intersecting said plurality of gate wirings, a plurality of banks provided over said plurality of 
source wirings, at least one thin film transistor surrounded by said plurality of gate wirings and said plurality of said 
source wirings, and an EL element electrically connected to said thin film transistor, said method comprising the 
steps of: 

forming a plurality of pixel rows by dividing said pixel portion along said plurality of banks; and 
forming a light emitting layer in each pixel row, 

wherein said light emitting layer is selected from the group consisting of a red light emitting layer, a green light 
emitting layer and a blue light emitting layer. 

23. A method for manufacturing an EL display device having a pixel portion comprising a plurality of cathodes arranged 
in a stripe shape, a plurality of anodes aranged in a stripe shape so as to intersect said plurality of cathodes, and 
a plurafity of light emitting layers provided between said plurality of cathodes and said plurality of anodes, said 
method comprising the steps of: 

forming a plurality of pixel rows by dividing said pixel portion along said plurality of cathodes; and 
forming a light emitting layer in each pixel row, 

wherein said light emitting layer is selected from the group consisting of a red light emitting layer, a green light 
emitting layer and a blue light emitting layer. 

24. A method for manufacturing an EL display device having a pixel portion comprising a plurality of cathodes arranged 
in a stripe shape, a plurality of anodes arranged in a stripe shape so as to intersect said plurality of cathodes, a 
plurality of bank provided in the gaps of plurality of cathodes, and a plurality of light emitting layers provided 
between said plurality of cathodes and said plurality of anodes, said method comprising the steps of: 

forming a plurality of pixel rows by dividing said pixel portion along said plurality of banks; and 
forming a fight emitting layer in each pixel row, 

wherein said light emitting layer is selected from the group consisting of a red light emitting layer, a green light 
emitting layer and a blue light emitting layer. 

25. A method according to daim 1 9, wherein said red light emitting layer, said green light emitting layer and said blue 
light emitting layer comprise high molecular organic EL materials. 

26. A method according to claim 20, wherein said red light emitting layer, said green light emitting layer and said blue 
tight emitting layer comprise high molecular organic EL materials. 
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27. A method according to claim 21. wherein said red light em-|tting layer, said green light emitting layer and said blue 
light emitting layer comprise high molecular organic EL materials. 

28. A method according to claim 22, wherein said red ilght emitting layer, said green light emitting layer and said blue 
light emitting layer comprise high molecular organic EL materials. 

29. A method according to claim 23. wherein said red light emitting layer, said green light emitting layer and said blue 
light emitting layer comprise high molecular organic EL materials. 

' 30. A method accorcSng to claim 24. wherein said red light emitting layer, said green Tight emitting layer and said blue 
light emitting layer comprise high molecular organic EL materials. 

31. Amethod according to claim 19, wherein said method further comprises discharging a red light emtting layer appli- 
cation liquid that is to become said red light emitting layer, a green light emitting layer application liquid that is to 
become sard green light emitting layer and a blue light emitting layer application liquid that is to become said blue 
light emitting layer from separate nozzles at the same time, and perfoming heat treatment to the discharged said 
red light emitting layer application liquid, said green light emitting layer application liquid and said blue light emitting 
layer appiicatton liquid, ^ 

32. A method according to claim 20, wherein said method further comprises discharging a red light emitting layer aopli- 
cation liquid that is to become said red light emitting layer, a green light emrtting layer application liquid that is to 
become said green light emitting layer and a blue light emitting layer application liquid that is to become said blue 
light emitting layer from separate nozzles at the same time, and perfoming heat treatment to the discharged said 
red light emitting ayer application liquid, said green light emitting layer application liquid and said blue light emitting 
layer application liquid. ^ 

33. A method according to claim 21 . wherein said method further comprises dischai^ing a red light emitting layer appli- 
cation liquid that is to become said red fight emitting layer, a green light emitting layer application liquid that is to 
become said green light emitting layer and a blue light emitting layer application liquid that is to become said blue 
light emitting layer from separate nozzles at the same time, and perfoming heat treatment to the discharged said 
red light emitting layer applteation liquid, said green light emitting layer application liquid and said blue light emitting 
layer application liquid. ^ 

34. A method according to claim 22, wherein said method further comprises dischaiging a red light emitting layer appli- 
cation liquid that is to become said red light emitting layer, a green light emitting layer application liquid that is to 
bKome said green light emitting layer and a blue light em'itting layer application liquid that is to become said blue 
light emitting layer from separate nozzles at the same time, and perfoming heat treatment to the discharged said 
red light emitting layer application liquid, said green light emitting layer application liquid and said blue light emitting 
layer application liquid. ^ 

35. A method according to claim 23. wherein said method further comprises discharging a red light emitting layer aopli- 
cation liquid that ,s to become said red light emitting layer, a green light emitting layer application liquid that is to 
become said green light emitting layer and a blue light emitting layer application liquid that is to become said blue 
lig W emitting layer from separate nozzles at the same time, and perfoming heat treatment to the discharged said 
red light emitting layer application liquid, said green light emitting layer application liquid and said blue light emitting 
layer application liquid. ^ 

36. A method according to claim 24. wherein said method further comprises discharging a red light emitting layer appli- 
cation liquid that IS to become said red light emitting layer, a green light emitting layer application liquid that is to 
become said green light emitting layer and a blue light emitting layer application fiquid that is to become said blue 
light emitting layer from separate nozzles at the same time, and perfoming heat treatment to the discharged said 
red light emitting layer application liquid, said green light emitting layer application liquid and said blue light emitting 
layer application liquid. ^ 

37. A method according to claim 19. wherein at least one of said red nght emitting layer, said green light emitting layer 
and said blue light emitting layer is formed by performing heat treatment to an application liquid discharged from a 
nozzle, and the remaining light emitting layers are formed by a method selected form the group consisting of a spin 
coating method, a printing method and an evaporation method. 
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38. A method according to claim 20, wherein at least one of said red light emitting layer, said green light emitting layer 
and said blue light emitting layer is formed by performing heat treatment to an application liquid discharged from a 
nozzle, and the remaining light emitting layers are fomned by a method selected form the group consisting of a spin 
coating method, a printing method and an evaporation method. 

39. A method according to claim 21, wherein at least one of said red light emitting layer, said green light emitting layer 
and said blue fight emitting layer is formed by performing heat treatment to an application liquid discharged from a 
nozzle, and the remaining light emitting layers are formed by a method selected form the group consisting of a spin 
coating method, a printing method and an evaporation method. 

40. A method according to claim 22, wherein at least one of said red light emrttlng layer, said green light emitting layer 
and said blue light emitting layer is formed by performing heat treatment to an application liquid discharged from a 
nozzle, and the remaining light emitting layers are formed by a method selected form the group consisting of a spin 
coating method, a printing method and an evaporation method. 

41. A method according to claim 23, wherein at least one of said red light emitting layer, said green light emitting layer 
and said blue light emitting layer is formed by performing heat treatment to an application liquid discharged from a 
nozzle, and the remaining light emitting layers are fonned by a method selected form the group consisting of a spin 
coating method, a printing method and an evaporation method. 

42. A method according to claim 24, wherein at least one of said red light emitting layer, said green light emitting layer 
and said blue light emitting layer is formed by performing heat treatment to an application liquid discharged from a 
nozzle, and the remaining light emitting layers are formed by a method selected form the group consisting of a spin 
coating method, a printing method and an evaporation method. 

43. A method for fomning an EL display device comprising the steps of: 

forming a pixel portion having at least two adjacent pixels over a substrate; and 

providing a light emitting layer application in said two adjacent pixels continuously from a dispenser during 
moving said dispenser relatively to said substrate, 

wherein said light emitting layer application is selected from the group consisting of a red light emitting layer 
application, a green light emitting layer application and a blue light emitting layer application. 

44. A method according to claim 43, wherein said method further comprises performing heat treatment to form a light 
emitting layer. 

45. A method for forming an EL display device comprising the steps of: 

forming a pixel portion having at least one pixel row over a substrate; 

providing a light emitting layer application in said one pixel row continuously from a dispenser during moving 
said dispenser relatively to said substrate, 

wherein said light emitting layer application Is selected from the group consisting of a red light emitting layer 
application, a green light emitting layer application and a blue light emitting layer application. 

46. A method according to claim 45, wherein said method further comprises performing heat treatment to form a light 
emitting layer. 
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